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PREFACE. 


A  MEET  my  Readers  and  Correspondents  at  the  comple¬ 
tion  of  this  Second  Volume,  with  the  satisfaction  of  directing- 
their  notice  to  the  still  greater  increase  of  communication, 
and  the  means  of  rendering  this  work  most  eminently  inte¬ 
resting  and  useful.  It  is  not  necessary  that  I  should  recapi¬ 
tulate  the  outlines  of  the  plan  and  rules  of  conduct  by  which 
I  have  endeavoured  to  deserve  the  encouragement  of  the 
Public;  blit  I  think  it  truly  justifiable  to  exhibit  the  marks 
of  that  approval  at  the  same  time  that  I  express  the  sensibi¬ 
lity  with  which  I  accept  them,  and  the  spirit  they  must  afford 
to  mv  labours. 

Without  entering  into  any  estimate  of  the  quantity  of  ori¬ 
ginal  matter  in  this  work,  which  from  the  high  value  of  its 
correfpondence  is  novv  become  the  authentic  repository  of 
the  researches  of  our  philosophers ;  I  will  only  notice,  that 
the  number  of  original  writers  in  this  Volume  is  more  than, 
double  that  of  the  refpectable  list  prefixed  to  the  first  Volume, 
at  the  same  time  that  the  value  and  importance  of  the  Me¬ 
moirs  from  foreign  and  domestic  publications  have  continued 
to  increafe. 

rI  he  authors  of  original  Papers  are  Mr.  F.  Accum  ;  A.  B.  C; 
John  Bostock,  M.  D.  J.  W.  Boswell  ;  Count  de  Bournon; 
H.  Campbell,  M.  D. ;  R.  Chenevix,  Esq. ;  Mr.  John  Clen- 
nel ;  C.  P. ;  Air.  Wm.  Close;  W.  Cruickshank,  Prof,  at 
Woolwich  ;  John  Cuthbertsoti ;  D.  El. ;  J.  Fletcher,  Efq, 
G.  IE ;  John  Gough,  Esq. ;  Mr.  Olinthus  Gregory ;  J.  C* 
Ilornblower;  Rob.  Jameson;  J. ;  Rev.  W.  Pearson;  N;  N. 
Joseph  Priestley,  L. L.I).  F. R.S.  &c.;  EL  Sarjeant,  Esq.; 
Mr.  rEho.  Sheldrake;  Dr.  J.  IE.  Schroeter;  Tho.  Thomson, 
M.D.;  Mr*  Trevithick ;  EVoughton ;  Ez.  Walker  ;  Rev. 
James  Wilson,  D.D.  James  Woodhouse,  M.D.;  Mr.  Ar^ 
thur  V\roolf ;  Thomas  Young,  M.  D.  Prof.  P.  R.I.;  Baron 
von  Zach ;  and  W.  N. — Of  foreign  works,  Carcel ;  Carreau; 
Coulomb  ;  Descroizilles ;  Guillot ;  Guyton  ;  IEassel  Lache- 
naie;  Lalande;  Pi  diet;  Proust;  Valentine;  Vauqueliru— 
And  ot  English  Memoirs  abridged  or  extracted,  Mr.  Banks; 
Wm.  Bullock;  Sir  IE.  Englefield,  Bart.;  Air.  Gilpin;  J. 
Gough,  Esq.;  Ch.  Hatchett,  E,sq.;  Wm.  Herschel,  L.  L.D. 
Ed.  Howard,  Esq.;  Elulmc,  Al. D.;  E.  Jones,  Esq.  H. 
Sarjeant,  Esq. 

E'he  novelty  and  excellence  of  the  communications  with 
which  this  Journal  has  been  honoured,  hare  been  produc¬ 
tive 
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tiveof  an  effect  which  I  have  seriously  meditated  to  remedy 
In  the  limited  extent  of  every  work  of  this  nature,  when  the 
new  and  interesting  Memoirs  demand  a  larger  portion  of  its 
capacity,  a  smaller  must  of  course  be  devoted  to  less  striking, 
though  doubtless  very  important  business  of  selection.  Fo¬ 
reign  and  domestic  matter  must  be  more  fastidiously  sorted 
out ;  articles  must  be  abridged  instead  of  being  given  at  full 
length;  and  some  must  be  rejected  altogether  that  would 
have  been  highly  acceptable,  it  the  original  productions  could 
have  allowed  room. 

Two  remedies  present  themselves.  The  first  is  to  print  a 
supplementary  number  to  each  volume;  and  the  other  to 
give  a  greater  number  of  pages  without  adding  to  the  price. 
I  shall  be  happy  to  adopt  the  latter  as  soon  as  the  increased 
fale  shall  have  rendered  it  practicable,  without  diminishing 
the  ordinary  remuneration  the  Work  affords;  and  in  case  the 
former  should  prove  necessary  or  advisable,  l  am  confident  my 
Readers  will  see  the  advantages  and  approve  the  proceeding. 
In  the  mean  time,  the  private  recommendation  of  men  ot 
merit  to  their  friends,  is  the  best  means  of  accelerating  that 
circulation  which  will  eventually  benefit  its  patrons,  by  the 
greater  quantity  of  them  that  could  in  that  case  be  afforded. 

I  conclude  this  Preface  as  usual,  by  mentioning  the  fub- 
jects  of  the  sixteen  Plates  which  illustrate  the  present  Vo¬ 
lume.  1.  Improvements  in  Hydraulic  Engines,  by  Mr, 
Boswell.  2.  Guyton’s  Improvements  of  the  Swedish  Stove. 
3.  Mr.  Sarjcant’s  cheap  Engine  for  raising  Water.  4.  Strong 
framed  Levers  for  Steam  Engines,  by  Mr.  Ilornblower.  5. 
Dr.  Young’s  Diagrams  to  illustrate  the  Theory  of  Light.  6. 
Mr.  Gregory’s  Figure  for  Mr.  Pearfon’s  Analogy.  7.  Mr. 
Gough’s  Illustration  of  the  Doflrine  of  Sound.  8.  Mecha¬ 
nical  Lamp  of  Carcel  and  Carreau.  9.  Mr.  Woolf  ■’s  Appa- 
ratus  for  heating  Water  by  wraste  Steam.  10.  Mr.  Ierry’s 
.improved  Mill.  11.  Mr.  Bullock’s  Lock.  12.  Count 
Jlournon’s  Figures  of  Anhydrous  Sulphate.  13.  Mr.  Trevi- 
thick’.s  Application  of  a  temporary  Forcer.  14.  Lachenaie’s 
Apparatus  for  claying  Sugars.  15,  Mr.  Jameson’s  Illustra¬ 
tion  of  the  Formation  of  Granite.  17.  Mr.  Banks’s  Instru¬ 
ments  for  determining  the  Pressures  and  Velocities  of  effluent 
Air  or  Gas.  18.  The  Spirit  Hydrometer  and  Scales  of 
Atkins.  And,  19.  Compound  Condensers  of  Electricity,  by 
Mr.  Read  and  Mr.  Cuthbertson. 

Soho  Scjiufre,  London ,  September  1,  lSCg. 
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ARTICLE  I. 

Improvements  in  the  Hydraulic  Engine  of  Schemnitz,  and 
that  of  Mr.  Goodwyn;  with  comparative  Remarks  on  the 
inojl  ufeful  Applications  of  each,  and  fome  Facts  relative  to  the 
Invention  of  the  prejjltre  Engine.  In  a  Letter  from  Mr. 
John  Whitley  Boswell. 


S  I  R, 


To  Mr.  NICHOLSON. 

London,  March  14.  1802. 


Havin 


G,  with  much  fatisfa&ion,  found  that  the  method  Method  of 


of  making  the  Schemnitz  hydraulic  engine  work  itfelf,  which 
I  gave  you  for  your  excellent  Journal  in  1S00,  (IV.  1 17.)  and  fyphon. 
has  been  iince  found  of  contiderable  utility  in  *  other  works  of 
a  fimilar  nature,  I  am  induced  to  fend  for  your  approbation  a 
draft  of  the  f  application  of  the  fame  principle  to  Mr.  Good- 


*  Vide  Mr.  Clofe’s  papers  in  the  fame  Vol. 

-f  The  paper  figned  L  in  the  quarto  Journal,  page  343,  though 
it  profefles  to  tliew  how  Mr.  Goodwyn ’s  engine  may  work  itfelf, 
has  only  hinted  at  this  method,  but  has  not  thewu  how  k  may  be 
effected. 
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IMPROVEMENTS  IN  HYDRAULIC  ENGINES, 


Concife  expla¬ 
nation  of  the 
Scliemnitz  en¬ 
sure. 


vvvn’s  engine,  and  another  of  a  method  of  caufing  the  Schem- 
nitz  to  raife  water  above  the  level  of  the  prime  refervoir,  to¬ 
gether  with  a  comparative  view  of  the  advantages  of  both 
engines  and  their  powers. 

After  a  perufal  of  my  former  Paper  on  the  Schcmnitz  en¬ 
gine,  (IV.  144.)  a  mere  infpeflion  of  the  figure  given  hero 
(Plate  I.)  will  be  fufficient  to  fhew  the  manner  in  which  this 
now  propofed  will  operate.  The  moving  power  is  the  pref- 
fure  of  the  column  of  water  from  the  refervoir  R,  (Fig.  1 .)  to 
D  in  the  lower  air  chamber  A,  which  forces  the  air  contained  in 
it  into  the  chamber  B,  which  air  fo  com preffed  in  B  will  impel 
the  water  contained  in  it  upwards  through  the  pipe  to  a 
height,  and  in  a  quantity  proportionate  to  the  relative  height 
of  the  column  of  water  contained  in  the  pipe  R  D,  compared 
with  that  contained  in  SB,  or  fuppofing  the  length  of  R  D 
given,  the  greater  the  length  of  the  pipe  S  B  is,  (fo  as  not 
to  exceed  R  D,)  the  lefs  will  be  the  quantity  of  water  deli¬ 
vered  at  S,  and  vice  verfa. 

Mr.  Goodwyn’s  In  the  draft  of  Mr.  Goodvvyn^s  engine.  Fig.  2.  I  have  en- 
™«£i  £on"  deavoured  to  exhibit  it  as  it  ffiould  be  if  executed  on  a  large 
heavy  work,  fcale,  and  made  all  the  pipes  detached  from  each  other,  bc- 
and  made  to  ope- caufe  though  the  plan  of  making  one  pipe  pafs  through  an- 

tendancel°Ut  ^  other  and  through  the  refervoirs,  made  ule  of  in  Mr.  Good- 
wyn's  model,  is  very  convenient  and  neat  in  an  apparatus 
that  may  be  placed  on  a  table,  yet  it  would  be  found  to  pro¬ 
duce  an  unnecclfary  trouble,  complication,  and  difficulty  of 
repair  in  a  large  engine.  The  method  (hewn  in  this  draft  of 
caufing  the  engine  to  work  without  attendance,  is  the  fame 
as  for  the  Scliemnitz,  and  caufes  the  cocks  G  and  H  to  open 
at  intervals,  (which  may  be  regulated  at  pleafure  by  the  hand 
cock  I,  letting  the  water  flow  more  or  lefs  quick  into  the  ly- 
phon  veffel  E,)  while  at  the  fame  time  it  clofes  the  cock  at  D, 
and  vice  verfa.  Self-moving  valves  are  placed  at  the  deliver¬ 
ing  pipes  of  the  chambers  C  and  B,  and  alio  at  the  air  vent 
of  A,  becaufe  wherever  they  can  ufed  they  are  preferable 
to  cocks,  or  valves  ufed  by  external  power  ;  fome  doubt  may 
arife,  whether  there  ffiould  not  be  a  palTage  for  the  air  let  at 
intervals  into  A,  as  well  as  one  for  it  to  efcape  :  hut  as  great 
quantities  of  air  are  contained  in  water,  which  the  mode  of 
working  of  this  engine  will  particularly  tend  to  feparate  from 
it,  I  think  it  would  be  needlef  and  that  the  fell-moving 

valve 
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valve  opening  outwards  at  the  air  vent  of  A  will  be  fufficient. 

The  pipe  at  K  is  to  condud  water  from  the  bucket  F  to  that 
of  the  cock  D.  There  are  two  ranges  of  refervoirs  reprefent- 
ed,  to  fliew  the  method  of  raifing  water  by  this  engine  about 
thirty  feet  high  :  more  would  be  ufelefs,  and  even  a  fecond 
would  in  very  few  inftances  be  found  neceffary,  except  when 
the  fall  of  water  from  R  to  D  was  very  fhort,  in  which  cafe  it 
would  be  better  to  ufe  fome  other  engine  for  raifing  water  to 
the  required  height. 

In  comparing  thofe  two  engines,  it  will  be  found  that  their  Companion  of 

powers  and  capabilities  are  nearly  ffmilar.  -  the  powers  of 

1  1  J  thefe  two  en- 

1 .  In  both  the  greater  the  height  of  the  original  fall  of  wa-  gines  •  numeri 

ter,  denoted  by  the  pipe  R  D,  and  the  greater  the  quantity  callyftated. 
of  water  which  it  can  fupply  in  a  given  time,  the  greater 
quantity  can  be  raifed  by  thefe  engines  in  a  given  time. 

2.  Both  engines  can  be  conffruded  fo  as  to  raife  water 
above  the  original  level,  and  from  below  to  the  furface,  or 
from  a  pit. 

3.  By  a  fucceffive  number  of  refervoirs  both  engines  can 
be  brought  to  raife  water  to  any  height  ;  but  as  they  will  raife 
a  fmaller  quantity  as  the  height  is  increafed,  the  quantity 
wanted  in  a  given  time,  and  the  expence  of  conffrudion,  will 
limit  the  extent  of  their  elevation. 

4.  In  both  engines  the  ditlance  from  one  refervoir  to  an¬ 
other,  mutt  always  be  lefs  than  that  of  the  original  fall  R  D. 

The  circumffances  in  which  thofe  engines  differ  arife  from 
the  difference  of  their  manner  of  action. 

5.  The  Schemnitz  engine  operates  by  caufing  a  fall  of  wa¬ 
ter  to  comprej v  air,  which  re-ading  on  other  water  forces  it  to 
rife  in  a  pipe  to  a  certain  height.  Mr.  Goodwyiffs  engine  ads 
by  caufing  a  fall  of  water  to  rarify  a  certain  quantity  of  air, 
into  whofe  fpace  the  preffure  of  the  atmofphere  forces,  when 
permitted,  a  quantity  of  water. 

6.  Hence  in  the  Schemnitz  engine,  the  preffure  ading  from 
ivithin  outivards,  tends  to  burjl  the  veffels  ufed  in  the  ftrudure, 
and  to  open  and  extend  any  fiffures  which  may  chance  to  be  in 
them. 

7.  In  Mr.  Goodwyn’s  engine  the  preffure  ading  from  with - 
out.  inwards,  clofes  all  the  parts  of  which  it  is  compofed  more 
together,  tends  to  make  its  pipes  and  veffels  more  ffaunch, 
and  in  any  hffure  makes  its  fides  operate  like  valves  to  fhut  it 
up. 
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greater  depths. 


8.  The  Schemnitz  engine  will  always  raife  water  to  a 
height  nearly  equal  to  that  of  the  original  fall,  from  one  reler- 
voir  to  another,  fuppofing  the  original  fall  of  am  height  what¬ 
soever,  as  100  feet. 

Tvl r.  Goodwyn’s  engine  will  not  raife  water  from  one  refer- 
voir  to  another  fo  high  as  thirty  feet  in  any  cafe  whatsoever, 
as  there  cannot  be  a  complete  vacuum  formed  by  it  in  the  air 
chamber,  but  only  an  approximation  to  one. 

Mr.  Goodwyn’s  From  this  com  pari  foil  it  will  follow,  that  wherever  the  ori- 
p referable,  and  g*nal  of  water  is  lefs  than  thirty-two  feet,  Mr.  Goodwyn’s 
leaft  coftly  in  engine  will  be  much  preferable  to  the  Schemnitz ;  as,  from  the 
fmJi  eLvations.  ^ ^  ar(jc{c  0f  pjie  comparifon,  it  may  be  made  of  the  cheapejl 

materials,  of  ftrong  ivooden  cajks  and  wooden  pipes ;  whereas 
the  Schemnitz  engine,  from  the  6th  article,  mull  be  made  of 
the  drongeft,  and  of  courfe  mod  coftly  materials,  of  call  iron 
at  lead,  and  that  of  conliderable  thicknefs. 

But  wherever  the  original  fall  exceeds  the  height  of  thirty 
feet  much,  and  it  is  required  to  raife  the  water  to  nearly  the 
fame  height,  then  the  Schemnitz  engine  appears  to  be  pre¬ 
ferable  ;  as,  in  all  probability,  the  fewer  number  of  parts 
which  it  will,  in  this  cafe,  require  in  its  conftruction,  will  more 
than  compenfate  for  its  coftly  materials. 

When  it  is  required  to  raife  water  to  a  height,  much  greater 
than  that  of  the  original  fall,  above  the  drd  level,  or  from  a 
greater  depth  ;  either  from  the  original  lall  being  fliort,  or  the 
required  height  being  great,  an  engine  in  which  the  preflure 
of  the  water  is  made  to  act  by  a  pidon  in  an  apparatus  dmilar 
to  that  of  the  deam  engine,  (one  of  which  is  deferibed  in  your 
Journal  for  March)  will  be  preferable  to  either  of  the  above. 

The  companion  of  thofe  engines  may  be  brought  to  this  one 
point:  wherever  Mr.  Goodwyn’s  engine  can  be  ufed,  with  a 
tingle  continued  pipe  for  elevating  the  water,  and  without  a 
fuccedion  of  refer voirs,  it  feems  to  be  the  cheaped. 

Where  Mr.  Goodwyn’s  engine  cannot  be  ufed  without  viola¬ 
ting  this  condition,  but  the  Schemnitz  can,  it  promifes  to  be 
the  next  in  point  of  cheapnefs,  from  its  dmplicity,  abltnce  of 
friction,  and  final!  number  of  working  parts. 

But  when  neither  Mr.  Goodwyn’s  engine  nor  the  Schemnitz 
can  be  ufed  without  a  number  of  refervoirs,  then  the  pillon 
preldire  engine  probably  ought  to  be  preferred  ;  but  this  will 
much  depend  on  the  number  of  refervoirs,  for  perhaps  one  or 

two 


Pifton  engine 
belt  for  very 
great  depths. 


Companion  of 
the  three  en¬ 
gines. 
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two  in  addition  to  the  Schemnitz  might  cofl  lcfs,  titan  boring 
the  cylinder  of  the  pifion  engine  perfect,  and  its  additional 
machinery  :  for  merely  raifing  water  the  powers  of  each  are 
nearly  equal,  depending  ail  on  the  height  of  the  original  fall 
of  water. 

The  great  advantage  of  the  pifion  preflure  engine  is,  not  The  preflare  en- 
as  a  cheap  engine  for  raifing  water,  but  as  that  in  which  a  fall  gdu: %vorks  „  . 

1  ©  ...  .  without  wajtc  of 

of  water  can  be  applied  without  any  zvafte  to  work  mills  or  water, 
machinery  for  any  purpofe ;  which  is  of  very  great  confequence 
when  the  fall  of  water  is  of  confiderable  height,  and  the  ftream, 
or  lupply,  fmall. 

Conceiving  it  of  very  great  importance  to  have  it  deter- Great  import- 

mined  in  what  fituations  each  of  the  principal  engines,  worked  afice  co™p~ 

.  •  ,  ,  ,  T  ,  ,  ,  .  nng  there¬ 

by  water  premire,  is  to  be  prelerred,  1  have  commenced  this  rent  methods  of 

companion,  and  if  this  ihail  be  acceptable,  will  fend  another  aPPJying  water, 

3S  ti  force  -  ^  4 

paper  on  a  limilar  fubject ;  that  is,  on  the  eomparifon  of  the  wheel  wH- 


common  mill  waterwheel,  with  another  mode  of  applying 
the  water  to  turn  mill  work,  which,  I  think,  I  can  demon- 
lira  te  to  be  much  preferable.  I  hope  what  I  have  thus  began 
will  excite  tome  others  to  the  fame  enquiry ;  and  that  by  this 
means  the  multiplicity  of  water  preflure  engines  will  be  at  laid 
arranged,  and  their  comparative  utility  afeertained,  fo  that  in 
every  different  cafe  of  fall  or  fupply  of  water,  an  engineer  may 
know  at  once  which  he  fhould  ufe. 

I  beg  leave  to  add  here  fome  remarks  on  the  pifion  preflure  Mr.  Trevi- 

engine  in  vour  Journal  for  March:  Mr.  Trevithack  will,  I  thafk  s  Pre^Jre 

°  J  J  .  ...  engine  was  exe- 

hope,  excufe  my  taking  from  him  the  honour  of  his  being  the  Cuted  in  1731 
firfl  inventor  of  this  mode  of  apply  ing  a  fall  of  water,  to  give  V  Demfard^nd 
it  back  to  MefTrs.  Denifard  and  Deuille  of  France,  when  I  imagined  b>  Mr. 
confefs  that  for  a  long  time  I  was  in  the  fame  error  with  him,  ^ofwell  in  1796. 
and  thought  it  had  firll  occurred  to  me,  and  propofed  it  with 
that  idea  to  Mr.  Carnac  in  Nov.  1796,  to  draw  the  water 
from  his  copper  mine,  (by  which  he  would  have  laved  the 
daily  labour  of  twenty  men,  as  he  had  a  fall  of  water  very 
proper  for  this  engine — a  fa6t  which  I  have  Mr.  Carnacbs 
fignature  to  prove;)  but  I  fince  found  out  that  in  Belidor's  Defcribed  in 
Hydraulic  Architecture,  publifhed  at  Paris  1739,  in  the  fourth  ®e*iclor* 
book  and  firfl  chapter,  there  is  a  method  defcribed  at  large, 
with  very  well  executed  plates,  by  which  a  fall  of  water  ope¬ 
rating  in  a  cylinder  on  a  pifion  may  work  a  pump  to  force 
water  to  a  greater  height  ;  and  what  is  remarkable,  Belidor 
2  propofes 
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propofes  the  very  fame  method  of  working  the  valves  by  a 
tumbling  weight,  as  that  called  the  tumbling  bob,  in  Mr. 
T’s  defcription.  In  BelidoFs  engine  the  pifton  cylinder  and 
pump  are  both  horizontal,  which  is  the  mod  material  diffe¬ 
rence,  but  the  principle  is  entirely  the  fame  as  Mr.  Trevi- 
thack’s. 

Mr.  Belidor  does  not  claim  the  honour  of  this  invention, 
but  only  propofes  the  engine  I  allude  to,  as  an  improvement 
on  one  executed  on  the  fame  principle  at  Seve,  between 
Verfailles  and  Paris,  in  the  year  1731,  by  Deniiard  and 
Deuille,  for  which  they  obtained  a  patent  from  the  king  of 
France  for  twenty-one  years  ;  of  which  engine  there  is  alfo  a 
defcription  in  the  fame  chapter  of  the  above  work. 

I  beg  leave  to  fuggeft,  that  it  might  be  a  confiderable  im¬ 
provement  to  this  engine  to  have  its  a&ion  made  elaftic,  by 
the  addition  of  an  air  chamber,  on  the  fame  principle  as  that 
ufed  in  engines  for  extinguifhing  conflagrations  ;  fuch  a  one, 
feems  to  me,  might  be  bed  ede&ed  by  making  the  pidon 
hollow,  and  of  a  larger  dze,  to  ferve  for  this  purpofe,  as  the 
air  fpring  would  then  a6t  both  on  the  upper  and  lower  pref- 
fure  of  the  water ;  Figure  3  is  a  (ketch  of  this  method,  in 
which  A  reprefents  the  hollow'  pidon. 

I  hope  the  length  of  this  paper  will  be  excufed  by  the 
circumltance  of  my  not  having  received  your  Journal  for 
March  till  I  had  written  the  moft  of  it,  and  having  had  of 
courfe,  to  add  the  remarks  on  the  pidon  prefliire  engine  to 
the  red. 

I  am,  SIR,  &c. 

W.  H.  B. 


II. 


Remarks  of  the  prefent  State  of  Paper-making  in  England  and 
France *.  By  H.  Campbell,  M.D.  Communicated  by  the 
Author ,  March  26,  1 S02. 


THE  additional  duty  on  Paper  has  not  been  the  chief  caufe 
of  the  diminution  in  the  book  and  paper  trades  of  this  country. 

After 


*  The  importance  and  authenticity  of  the  chemical,  mechanical, 
and  other  fa&s  dated  in  this  Memoir,  and  of  the  objefl  itfelf  in 

general 
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-After  eftablifhing  this  fa<5t,  it  will  be  equally  evident  that  the 
paper  and  book  trades  will  not  be  effe  finally  relieved  by  giving 
up  a  part,  or  the  whole  of  the  lad  additional  duty. 

The  former  adminidration  of  this  country  by  impofing  an  France  has  fuc- 
additional  duty,  did  not  teach  the  French  the  new  art  0f  oeed  J  ,m“ 

J  ,  provements  in 

paper  making  ;  nor  did  it  fupply  them  with  abundance  of  raw  thc  arts  of  paper 

material ;  or  fliew  them  the  art  of  equalizing  the  different  makl.nS anii 

qualities  of  rags  by  ChaptaPs  mode  of  bleaching  ; — neither  was  P  S 

any  new  light  thrown  by  the  additional  duty  upon  the  mode 

of  printing  and  type  c-afting,  as  now  pra£tifed  in  France. 

Before  the  commencement  of  the  late  war,  paper-making  The  Britifh  fine 
in  this  country,  ftri<5tly  fpeaking,  was  a  mechanical  art.  The  excel! ^'"from^ 
fuperiority  of  Englifli  paper  arofe  from  the  fuperior  linen  the  finenefs  of 
worn  by  Englifli  people.  Their  rags  were  fuperior  to  the  our  ^ wen  rais  » 
rags  collected  on  the  continent.  The  decency  of  the  Englifli 
populace,  compared  with  the  populace  on  the  continent, 
could  not  be  better  fliewn  than  by  an  exhibition  of  Englifli 
and  foreign  rags.  Rags  called  London  fines ,  the  refufe  of 
Irifh  linen,  8cc.  could  fcarce  be  equalled  in  any  other  coun¬ 
try.  The  original  linen  of  thefe  rags  had  been  highly  bleached. 

They  were  confequently  calculated  to  make  the  fined:  and 

whited  paper.  Rags  at  an  Englifli  paper  mill  previous  to  the 

war,  were  forted  according  to  their  colour  and  dnenefs.  and  our  careful 

Pains  were  taken  to  cut  olF  the  feams  and  offal  parts ;  and  fortinS  tlaem* 

thefe  parts  were  dedined  to  make  inferior  paper.  This  ftate- 

ment  alone  is  almod  fufficient  to  give  a  clear  notion  of  what 

I  am  about  to  edablifh. 

I  conceive  that  a  reprefentation  of  the  mechanical  necefifaries,  Our  machinery, 
as  the  duder,  the  knives  placed  in  the  engine  roller,  the 
plate,  the  vat,  the  moulds,  and  ladly,  flannels  and  preffes, 
although  indifpendble  in  a  paper  mill,  are  neceffary  to  be 
noticed  in  this  account;  as  an  imitation  of  them  in  France, 
could  not  contribute  to  the  prelent  alarming  change  in  our 
paper  trade. 

The  Englifli  daple,  fuperior  rags,  Englifli  cleanlinefs  in  attempted  to  be 
cutting  and  afforting,  and  better  engines  and  knives,  condi-  ^ansferieJ  ta 

general  to  the  progrefs  of  fcience  and  literature,  leave  no  doubt  re- 
fpe&ing  the  propriety  of  inferring  it  in  our  Journal,  though  its 
mod  prominent  feature  relates  to  political  regulation.  On  this  lad 
fubjefl  my  conduct  as  a  J-ournalid  cannot  be  fuppofed  to  exprefs 
any  opinion  as  an  individuah---N, 
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luted  mir  fuperiority.  About  the  year  1789  and  90,  certain 
refpeftable  Englifh  paper  makers  endeavoured  to  take  thefe 
advantages  to  France.  France  apparently  required  them ;  her 
French  rags  are  coarfe  foul  cotton  rags  were  not  made  better  by  reparation 
and  alTortment ;  her  engines  were  deficient,  and  her  mills 
exhibited  no  mark  of  profperity,  but  every  fymptom  of  llo- 
venly  neglect. 

French  paper  for  One  fort  of  paper,  notwithflanding  the  want  of  colour  and 
coppci  p.ates.  cieanlinefs,  the  excelled  in,  upon  neceflity.  I  mean  paper 
for  copper  plate  prints;  file  neceffarily  excelled  becaufe  her 
ftaple  cotton  rag  being  more  bibulous,  received  better  im- 
prefiions  from  the  plate.  This  was  the  ftate  of  her  paper 
trade  and  mills  in  the  year  1789.  Before  that  period,  file  did 
not  confume  all  her  own  rags.  We  received  a  confiderable 
part  from  the  cellars  of  Dunkirk  and  Oftend,  and  from  coun¬ 
tries  in  her  fouthern  vicinity,  Leghorn,  & c. 

New  acra  in  About  this  time  a  new  acra  in  paper  making  commenced. 

Th^bk aching  Chemittry  by  her  difciples,  Scheele,  Berthollet,  and  Chaptal, 
procefs  by  ox.  from  a  metallic  oxide,  folicii.ed  and  directed  the  concentrated 
mur.  acid.  and  pure  par^  Qf  t}ie  atmofphere,  oxigen,  to  remove  with  ex¬ 
pedition  the  colouring  part  of  cloth,  or  rags  made  from  vege¬ 
table  fubfiances,  fuch  as  flax,  cotton,  hemp,  &c.  An  atten¬ 
tion  to  the  befi:  bleaching  procefs  ought  certainly  to  form  a 
material  part  of  the  confiderations  in  this  Paper  ;  becaufe  this 
object,  connected  with  a  knowledge  of  the  forts  of  rags  fuit- 
able  for  bleaching,  and  making  printing  paper,  would  give 
that  comprehenfion  of  the  evil  from  which  might  be  drawn 
— not  Iteps  of  temporary  and  unavailing  expedience,  but  folid 
foundations  of  relief. 

Coarft  cotton  rags  The  bufinefs  under  confideration  is  more  intimately  con- 

are  t0  necled  with  printing  than  with  writing  paper.  The  bleaching 

an  equality  with  r  o  ox  x  o 

fr.e  linen  -ags  by  gas  is  much  better  adapted  to  coarfe  cotton  rags  than  coarte 
that  procefs.  linen  or  hempen  rags  ;  becaufe  the  former  is  without  ligneous 
particles,  and  the  latter  abounds  with  them,  and  thefe  parti¬ 
cles,  called  by  paper  makers  Jheaves ,  are  made  more  confpi- 
cuous  by  bleaching.  The  ftaple  of  our  opponents  the  French, 
A  plentiful  and  confifis  in  coarfe  cotton  rags.  I  can,  if  required,  point  out 
cheap  fuppiy  of  p]aces  where  depots  fiiould  be  eftablifiied  for  affording  an  un¬ 
limited  fupply  of  fimilar  cheap  materials,  and  where  each  fiiip, 
by  way  of  finifhing  her  lading,  will  take  on  board  a  conve¬ 
nient  number  of  bags. 


In 
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Tn  the  year  1793-4,  I  imported  a  parcel  of  cotton  rags  at  Inttance  in 
91.  per  ton  ;  bleaching  them  added  8  per  cent,  to  the  9l.  The 
bleached  fluff  was  worth  more  than  40l.  per  ton  :  the  beauti-  confill  in  the 
ful  paper  produced  now  exifls  in  a  public  work.  If  paper  ?doPtum  of  the 
makers,  or  flationer-paper  makers,  had  paid  attention  to  this  anJ  t}ie  prPpnr 
new  and  growing  improvement,  (or  would  pay  attention)  einPloy  ot  our 
inftead  of  foliciting  a  remiffion  of  duties,  they  might  be  able  VVQrjt<J# 
with  their  capital  and  mills  ready  formed,  to  counteract  the 
French,  and  contribute  Fill  more  to  the  Fate,  than  is  paid  at 
prefent.  A  relaxation  of  part  of  the  duties,  cannot  be  a  ra¬ 
dical  relief.  To  forego  an  object  of  finance  without  remedy¬ 
ing  a  complaint,  can  only  be  a  compliance  with  the  govern-  ' 
ment,  to  participate  in  misfortune  with  the  petitioners. 

The  neeeffity  of  aboli filing  improper  combinations  and  Combinations 

■  i  i  and  monopolies. 

power  among  journeymen  paper  makers,  and  the  injury  done  H-nt?  at  rer.uja^ 
to  paper  mills  by  London  flationers  importing  and  regulating  tions  by  the  State, 
the  price  of  rags,  and  monopolizing  mills,  are  evident  direc¬ 
tions  to  relieve  the  buffering  part  of  the  trade,  and  how  to 
obtain  revenue  from  the  wealthy  part,  by  way  of  granting 
licences,  I  fhall  be  happy,  if  required,  to  communicate. 

The  arts,  commerce,  and  navigation  of  this  country,  are  General  obfer- 

juFly  confldered  by  the  French  government,  to  be  the  finews  vatl0ns*  rhe 
• J  ,  arts,  commerce* 

of  England.  ChaptaJ,  berthollet,  and  other  enlightened  men  navigation, 

are  encouraged  to  affect  us,  and  benefit  their  own  country  in 
thefe  particulars  :  that  they  have  not  been  unfuccefsful  is  ma- 
nifefted  by  the  Fate  of  the  paper  trade  in  France. 

The  maxim  of  trade  finding  its  level,  is  too  fupine  a  maxim  Level  of  trade, 
in  the  prefent  Fate  of  difeoveries.  Factories  are  altering,  and 
markets  muF  vary.  Goods  formed  by  mere  mixture,  fuch  as  What  manufac- 
faline  and  other  bodies,  require  neither  capital,  nor  machi- l°nes  '’Ve  ef‘ 

1  r  fily  transferred  ; 

nery.  Many  of  thefe  are  in  a  Fate  of  great  cultivation  in  and  what  are  the 

France.  In  arts  reFmg  on  capital,  machinery,  and  aptitude  Pern)anent 
...  ,  .  ,,  .  .....  J  1  in  a  wealthy 

of  hand,  we  fhall  long  remain  unrivalled.  country. 

At  prefent  I  fhall  check  thefe  obfervations,  that  my  remarks 
on  the  paper  trade  may  remain  diFin£t  and  unmixed  with  any 
other  matter. 


No.  11,  Fleet-Street,  London, 


H.  CAMPBELL. 
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Phenomenon  of 
combuftion  is 
very  ftriking  to 
every  clafs  of 

men. 


Eminent  invef- 
tigators  of  its 
theory. 


Lavoifier’s  the¬ 
ory 


leaves  much  to 
be  ftill  eluci¬ 
dated. 


III. 

Remarks  on  Combuftion,  by  Thom  as  Thomson,  M.  D.  Lec¬ 
turer  on  Chemiftry  in  Edinburgh. 

No  operation  of  nature  has  a  better  claim  to  our  attention 
than  combustion.  The  irrefiftible  devaluation  which  it 
fometimes  occalions  is  calculated  to  ftrike  the  ignorant  with 
terror;  the  extraordinary  changes  which  it  produces  naturally 
attract  the  inquifitive  eye  of  the  philofopher,  while  its  fubfer- 
viency  to  aim  of!  every  branch  of  domeftic  economy  renders  it 
a  familiar  and  neceflary  agent  in  the  hands  of  every  indivi¬ 
dual.  This  familiar  acquaintance  with  combufuon  feems, 
however,  to  have  retarded  the  invefligation  of  its  nature  ;  for 
it  was  not  till  the  levcnteenth  century  that  philofophers  made 
it  a  ferious  objedt  of  enquiry.  The  labours  of  Bacon,  Boyle, 
Hooke,  and  Mayow  are  well  known  ;  and  the  fuccefs  with 
which  thefe  labours  were  attended,  mull,  if  we  recoiled!  the 
difficulties  to  be  overcome,  give  us  a  very  high  idea  of  the 
genius  of  thefe  inveftigators  of  nature.  But  the  philofophers 
of  our  own  age,  efpecially  Lavoifier,  have  gone  far  beyond 
their  predecelfors  ;  and  have  explained  fome  of  the  moil  in¬ 
tricate  and  important  phenomena  of  combultion. 

Mr.  Lavoifier’s  theory  of  combuftion ,  improperly  termed 
his  theory  o {chemijlry,  is  fo  generally  known,  that  it  is  unne- 
ceffary  to  enter  into  any  detail  concerning  it.  Its  merit  is  in- 
difputable,  and  raifes  its  author  to  the  very  firfl  rank  among 
philofophers.  Many  chemifts  feem  to  think  that  it  explains 
the  whole  phenomena  of  combuftion  ;  but  an  attentive  exa¬ 
mination  mull  convince  every  impartial  obferver,  that  the 
theory  of  Lavoifier,  ingenious  and  fatisfadlory  without  doubt, 
as  far  as  it  goes,  leaves  yet  feveral  parts  of  that  very  com¬ 
plicated  procefs  as  unaccountable  as  ever.  He  has  corrected 
the  errors  of  his  predecelfors,  and  made  a  very  important  new 
flop;  but  many  new  heps  are  ftill  wanting  to  render  the  the¬ 
ory  complete.  I  hope,  therefore,  that  the  following  remarks 
will  not  be  confidered  as  altogether  improper;  they  will  at 
lead  exhibit  the  fubject  in  a  new  point  of  view,  and  may  per¬ 
haps  contribute  to  call  the  attention  of  chemifL  fo  certain 
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phenomena  which  have  not  hitherto  been  claffified,  nor  exa¬ 
mined  with  that  precifion  to  which  they  are  entitled. 

].  Though  the  French  chemids  have  lately  given  the  term  The  French 
combuftion  a  new  meaning,  and  made  it  (land  for  the  general  Ul ra 

combination  of  a  body  with  oxigen ,  I  mean,  for  reafons  which  the  aft  of  oxi- 
will  appear  hereafter,  to  employ  it  in  the  fenfe  ufually  affixed  Station, 
to  the  term  by  the  generality  of  mankind.  Now  when  a 
body  undergoes  combudion,  in  the  common  fenfe  of  the 
word,  two  things  always  take  place.  1.  The  body  grad u- Ufual  accept* - 
ally  wades  awray,  and  often  difappears  altogether  ;  it  is  then  term 

faid  to  be  co  nfumed  or  burnt.  2.  During  the  whole  of  this  gumption  or  wage 
procefs  it  emits  heat  and  light ;  the  heat  and  light  thus  emitted  beat  and 
are  ulually  denominated  fire,  and  the  wade  of  the  body  is  ^Jt* 
confidered  as  the  effe6t  or  confequence  of  its  combudion.  If 
cither  of  thefe  two  phenomena  be  wanting,  we  do  not  fay  in 
common  language  that  a  body  is  undergoing  combudion,  or 
that  it  is  burning.  Every  theory  of  combudion  then  mud  ex-  The  theory  mu  ft 
plain,  1.  Why  the  burning  body  is  waded  and  altered.  2.  e^p'^in  theie 
W  hy  during  the  progrefs  of  this  alteration  heat  and  light  are 
emitted. 

2.  If  we  take  a  viewr  of  the  different  bodies  which  occupy  Relative  to  com- 
the  attention  of  chemifts,  we  diall  dnd,  that  as  far  as  com-  buftion  bod^ 
budion  is  concerned,  they  may  be  arranged  under  three  tibles*,  or  2.  fup- 
claffes ;  namely,  1.  Combudibles.  2.  Supporters  of  com- Portfrs  0<r  com- 
bullion.  3.  Incombuffibles.  _  _  i^combuS. 

I.  The  combustibles  are  thofe  bodies,  which  are  faid  in  1.  Combufilhles 
common  language  to  burn.  During  combudion  they  appear  or  tbe  b°dl€S 
to  emit  light  and  heat,  and  at  the  fame  time  gradually  wade 
away.  When  this  change  has  reached  its  maximum,  the 
procefs  of  combudion  is  at  an  end.  The  clafs  of  combudibles 
is  very  numerous ;  but  all  the  bodies  belonging  to  it  may  be 
fubdivided  into  three  fets ;  namely, 

1 .  Simple  combudibles, 

2.  Compound  combudibles, 

3.  Combudible  oxides. 

The  fimple  combufiiblcs  are  twenty-four  or  twenty-five  in  Tjiey  are  ^ 


number,  namely, 

1.  Sulphur,  3.  Carbon, 

2.  Phofphorus,  4.  Hidrogen  gas, 

5.  All  the  metals 

*  Except  perhaps  gold,  diver,  and  mercury. 


combuftibles  3  or 
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—compound 
coin  bu  it  i  hies. 


or  combuftible 
oxides. 


and  thefe  laft  are 
cither  fimple, 
having  a  lingie 
bale,  or  com¬ 
pound,  having 
more  than  one 
bafe. 


Simple  comb, 
oxides. 


Compound 
comb,  oxides. 


Phldgifton. 


II.  Supporters  of 
comb  u  It  ion 


The  compound  comhuftiblcs  confift  of  compounds  lot  mod  by 
the  fimple  combuftibles  uniting  together  two  and  two;  and 
are  ofeourfe  much  more  numerous  than  the  limplc  combufii- 
bles.  They  may  be  arranged  under  the  five  following  heads  ; 
J.  Sulphurets,  3.  Carburets, 

2.  Phofphurets,  4.  Alloys, 

b.  Sulphurated,  pliofphorated,  and  carbonated  hidrogen. 

The  combuftible  oxides  arc  compofed  of  one  or  more  fimple 
combutlibles,  combined  with  a  dofe  of  oxigen.  Though  the 
French  chemitls  have  given  to  thefe  bodies  the  name  <  f  oxides, 
we  fhall  fee  afterwards  tliat  they  differ  elfentially  from  metallic 
oxides  and  from  water,  which  is  confidered  at  prefent  as  an 
oxide  of  hidrogen.  The  combuftible  oxides  may  be  arranged 
under  two  heads:  1.  Thofe  which  contain  only  a  fingle  bale 
combined  with  oxigen,  and  which  therefore  may  be  termed 
fimple  combuftible  oxides.  2.  Thole  which  contain  more  than 
one  bafe  combined  with  oxigen,  and  which  therefore  may  be 
termed  compound  combuftible  oxides. 

The  fimple  combuftible  oxides  are  only  four  in  number; 
namely, 

1.  Oxide  of  fulphur,  3.  Charcoal, 

2.  Oxide  of  pholphorus,  4.  Carbonic  oxide  gas. 

Unlefs  fulphur,  phofphorus,  and  hidrogen  gas,  bodies  at  pre¬ 
fent  confidered  as  fimple,  belong  to  thisclafs.  All  the  fimple 
combuftible  oxides  are  by  combuftion  converted  into  acids. 

The  compound  combuftible  oxides  include  bv  far  the  gr<  acv 
number  of  combuftible  bodies;  for  almoft  all  the  animal  and 
vegetable  fubftances  belonging  to  them.  The  double  bafe  is 
ufually  carbon  and  hidrogen  :  alcohol,  ether,  refills,  gums, 
&c.  are  infiances  of  compound  combuftible  oxides  *. 

It  was  believed  by  Stahl  and  his  difciples,  that  all  combuf¬ 
tible  bodies  contain  one-  common  principle,  to  which  they  owe 
their  combuftibility.  But  in  conlcquence  of  the  difeoveries 
of  Lavoificr  this  theory  has  been  laid  afule. 

II.  The  fupporters  of  combuftion  arc  a  fet  of  bodies  which 
are  not  of  themfclves,  ftri&Iy  fpeaking,  capable  of  undergo¬ 
ing  combuftion,  but  which  are  abfolutely  neceftary  for  the 
procefs  ;  for  no  combuftible  body  can  be  made  to  burn  unlefs 

*  To  this  clafs  of  bodies  alfo  mail  be  referred  all  the  vegetable 
and  animal  acids. 
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fome  one  or  other  of  the  fupporters  be  prefent.  Whenever 
they  are  excluded  the  procefs  flops.  All  the  fupporters 
known  at  prefent  are  the  following  fix  : 

1 .  Oxigen  gas,  4.  Nitrous  gas  *, 

2.  Air,  5.  Nitric  acid, 

3.  Gafeous  oxide  of  azote,  6.  Oximuriatic  acid. 

There  are  indeed  certain  fubflances  betides  thefe,  which 

poffefs  nearly  the  fame  properties ;  thefe  1  fliall  enumerate 
afterwards  under  the  title  of  partial  fupporters. 

All  the  fupporters  contain  one  common  principle,  namely,  univerfally con- 
ox/<ren.  The  hrft  of  them  conliils  of  oxigen  uncombined  with  tain  oxltoen* 
any  bafe  ;  but  in  the  other  five  the  oxigen  is  united  to  a  bate. 

It  is  very  remarkable,  that  in  four  cafes  out  of  five,  the  bafe 
to  which  the  oxigen  in  thefe  compound  fupporters  is  united 
is  azote.  Is  it  not  probable  from  analogy,  that  oximuriatic  N.  B. 
acid,  the  remaining  compound  fupporter,  contains  azote  like- 
wife  as  a  component  part. 

III.  The  incombujlible  bodies  are  neither  capable  of  under- hi.  incombujli - 
going  combuflion  themfelves,  nor  of  fupporting  the  combuf-^',,s* 
tion  of  thofe  bodies  that  are;  of  courfe  they  are  not  imme¬ 
diately  conneded  with  combuflion.  At  prefent  we  are  ac¬ 
quainted  with  about  13  incombuftible  bodies,  not  reckoning 
the  compounds  which  they  are  capable  of  forming  with  each 
other.  Thefe  are, 

1.  Azotic  gas,  3.  The  earths. 

2.  The  fixed  alkalies. 

The  firfl  of  thefe  fubflances  conflitutes  the  bafe  of  aim  oil 
all  the  compound  fupporters.  Some  of  the  alkalies  and  earths 
poffefs  certain  properties  in  common  with  combuflibles,  and 
are  capable  of  exhibiting  phenomena  fome  what  analogous  to 
combuflion  ;  phenomena  to  be  defcribed  afterwards  under  theSemi-combuf- 
title  of  femi-combuftion.  tlun‘ 

3.  From  the  preceding  obfervations  it  is  obvious,  that  in  Combuflion  re- 

every  cafe  of  combuflion  there  mu fl  be  prefent  a  combuftible  zcoti:buf~ 

J  .  r  f  ttble  and  a  J up- 

and  a  fupporter.  Now  during  combuflion  the  combuftible  al -porter. 
ways  unites  with  the  oxigen  of  the  fupporter.  It  is  this  com¬ 
bination  which  occafions  the  apparent  wafte  and  alteration  of 
the  combuftible.  The  new  compound  thus  formed  I  fhall  call 

a  product  of  eombuftion.  Now  every  produd  of  combuflion  is  p,.0du<5t  of  com- 

buftion  is  either 

#  Mr.  Davy  firft  proved  that  this  gas  is  a  fupporter.  met  attic** 

either, 


n 


REMARKS  ON  COMBUSTION. 


Facility  of  com- 
huftion  is  not 
proportioned  to 
the  attraction 
for  oxigen. 


But  chiefly  de¬ 
pends  on  the  fa¬ 
cility  of  deftroy- 
ing  the  cohe- 

£on. 


Hence  compound 
fupporters  are 
more  readily 
burned. 


either,  1.  water,  or  2.  an  acid,  or  3.  a  metallic  oxide.  It  if? 
true  indeed,  that  other  bodies  fometimes  make  their  appear¬ 
ance  during  combuftion,  but  thefe  will  be  found  upon  exa- 
mination  not  to  be  products,  nor  to  have  undergone  corn- 
bullion. 

Thus  one  of  the  two  characteriftic  marks  which  diftinguifli 
combuftion,  namely,  the  apparent  watte  and  alteration  of  the 
eombuttible  body,  has  been  fully  explained.  For  the  expla¬ 
nation  of  it  we  are  indebted  to  Lavoitier.  It  conftitutes 
what  is  ufually,  but  abfurdly,  termed  the  new  theory  of  che- 
mijhy,  and  is  the  molt  important  tlep  which  has  been  made 
towards  a  complete  theory  of  combuftion. 

But  though  the  combination  of  the  eombuttible  with  oxigen 
be  a  conftant  part  of  combuftion,  yet  the  facility  with  which 
combuftibles  burn  is  not  proportional  to  their  apparent  affinity 
tor  oxigen.  Phofphorus,  for  inftance,  burns  more  readily 
than  charcoal  ;  yet  charcoal  is  capable  of  abftra&ing  oxigen 
from  phofphorus,  and  of  courfe  has  a  greater  affinity  for  it. 
The  eombuttible  oxides  take  fire  more  readily  than  tome  of 
the  fimple  combuftibles;  thus  charcoal  burns  more  eafily  than 
carbon  or  diamond  :  alcohol,  ether,  and  oils,  are  exceed¬ 
ingly  eombuttible,  whereas  ail  the  metals  require  a  very  high 
temperature  when  the  fupporter  is  air.  This  greater  com- 
buftibility  of  combuftible  oxides  is  probably  owing  to  the 
weaker  affinity  by  which  their  particles  are  united.  For  the 
cohefion  of  heterogeneous  particles,  when  oxigen  conftitutes 
a  part  of  them,  is  ufually  weaker  than  the  cohefion  of  homo¬ 
geneous  particles.  Flence  they  are  more  eafily  feparated 
than  homogeneous  particles,  and  of  courfe  combine  more  rea¬ 
dily  with  oxigen  ;  thofe  limple  combuftibles  which  melt  ea¬ 
fily,  or  which  are  in  the  ftate  of  elaftic  fluids,  are  alfo  very 
combuftible,  becaufe  the  cohefion  between  their  particles  is 
eafily  overcome. 

It  is  owing  to  the  fame  inferiority  in  the  cohefion  of  hete¬ 
rogeneous  particles,  that  fome  of  the  compound  fupporters 
occafion  combuftion  in  cireumftances  when  the  combuftibles 
would  not  be  a6ted  on  by  fimple  fupporters.  Thus  phofpho¬ 
rus  burns  in  air  at  the  common  temperature ;  but  it  does  not 
burn  in  oxigen  gas,  unlefs  the  temperature  exceed  90^.  In 
oximuriatic  acid  gas  phofphorus  burns  rapidly  at  the  common 
temperature  of  the  air,  and  fo  do  feveral  of  the  metals  ; 

4  though 
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though  they  cannot  be  made  to  burn  in  air  except  at  a  very 
high  temperature.  Thus  alfo  oils  burn  rapidly  when  mixed 
with  nitrous  acid.  Nitrous  gas  and  the  gafeous  oxide  of  azote 
conftitute  exceptions  to  this  rule. 

4.  None  of  the  products  of  combuftion  are  combuftible  ac-  Vrodu&t  of  com  * 
cording  to  the  definition  of  combuftion  which  I  have  given.  bufti°n  are  never 
This  want  of  combuftibility  is  not  owing  to  their  being  iatu- 
rated  with  oxigen  ;  for  feveral  of  them  are  capable  of  combin¬ 
ing  with  an  additional  dofe  of  it.  But  during  this  combination 
no  caloric  nor  light  is  ever  emitted;  and  the  compound  form-  Oxigenation  of  a 

ed  differs  effentially  from  a  produd  of  combuftion;  for  by  this converts 

, J  1  .  J  it  into  a Jupborter. 

additional  dofe  of  oxigen  the  produd  is  converted  into  a Jup-  ' 
porter. 

Hence  we  fee  that  combuftion  ought  not  to  be  confounded  Difference  be- 
with  the  combination  of  a  body  with  oxigen,  as  is  done  by  the  ^^an^oxige" 
French  chemifts.  Combuftion  indeed  cannot  take  place  with-  nation, 
out  the  combination  of  oxigen ;  but  oxigen  may  combine  with¬ 
out  combuftion.  Thus  when  iron  is  burnt,  it  always  combines 
with  0.27  of  oxigen,  and  is  converted  into  the  black  oxide ,  a 
product  of  combuftion,  and  altogether  incombuftible ;  capable, 
however,  of  combining  with  an  additional  dofe  of  oxigen,  and 
of  being  converted  into  the  red  oxide.  But  during  this  laft 
combination,  how  rapidly  foever  it  takes  place,  no  heat  nor 
light  is  emitted.  Now  the  red  oxide  of  iron  is  not  a  produd  of  Detonation  of  ^ 
combuftion,  but  a  fupporter  ;  as  the  following  experiments  ^e- oxide  ofTron?1^1 
monftrate:  Mix  it  with  phofphorous,  and  put  the  mixture  into 
the  bottom  of  a  long  glafs  tube,  {hut  at  one  end,  and  tilled  with 
azotic  gas.  Clofe  the  mouth  of  the  tube,  and  apply  heat  to 
that  part  in  which  the  mixture  is.  At  a  certain  temperature  a 
violent  detonation  takes  place,  which  (hatters  the  tube  in 
pieces.  It  is  needlefs  to  remark,  that  the  tube  muft  be  fuffi- 
ciently  long  to  prevent  the  effeds  of  expanfion  in  the  gas  in¬ 
cluded. 

When  antimony  is  burnt,  it  always  combines  with  0.20  of  Other  produffs 
oxigen,  and  is  converted  into  th q  white  oxide.  Now  this  white int0 
oxide,  which  is  a  produd  of  combuftion,  and  of  courfe  incom¬ 
buftible,  is  capable  of  combining  wdth  an  additional  dofe  of  ox¬ 
igen,  and  of  being  converted  into  the  acidulous  oxide  of  anti¬ 
mony.  In  like  manner,  lead,  when  burnt,  is  converted  into 
the  white  oxide  of  lead,  a  produd ;  but  this  produd  combines 

with 
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with  additional  dofes  of  oxigen,  and  is  converted  into  the  red 
Thry  aft  by  part  and  brown  oxides,  both  of  which  are  fupporters.  When  the 
ot  tueir  oxi^cn  ;  fupporters ,  thus  formed  by  the  combination  of  oxigen  with  pro- 
duds,  are  made  to  lupport  combudion,  they  do  not  loleall  their 
oxigen,  but  only  the  additional  dofe  which  conftituled  them 
fupporters.  Ot  courfe  they  arc  again  reduced  to  their  original 
date  ot  products  of  combudion.  Hence  it  follows,  that  they 
owe  their  properties  as  fupporters,  not  to  the  whole  of  the 
oxigen  which  they  contain,  but  to  the  additional  dofe  which 
condituted  them  fupporters.  We  may  therefore  call  them  pa;  - 
and  are  partial  tied  fupporters,  indicating  by  the  term,  that  part  only  of'  their 
fppncrs.  oxigen  is  capable  of  fupporting  combudion,  and  not  the  whole. 

It  is  very  poflible  that  both  azote  and  muriatic  acid  may  be  pro¬ 
ducts  of  combudion ;  and  in  that  cafe  both  the  compound  and 
partial  fupporters  would  agree  with  each  other  in  every  re- 
fpe<5t.  In  the  prefent  date  of  our  knowledge,  however,  it  is 
necelfary  to  didinguifh  them. 

The  bates  of  all  All  the  partial  fupporters  with  which  we  are  acquainted, 
contain  a  metallic  bads ;  for  metallic  oxides  are  the  only  pro- 
duds  at  prefent  known  capable  of  combining  with  an  addi¬ 
tional  dole  of  oxigen.  It  is  a  circumftance  highly  deferving 
of  attention,  that  when  metals  are  capable  of  combining  with 
feveral  dofes  of  oxigen,  the  product  or  oxide  formed  by  com¬ 
budion  is  feldom  or  never  that  which  contains  a  maximum  of 
oxigen.  The  following  oxides  are  produds  of  combudion  : 


]<  nown  partial 
fupporters  are 
metallic. 


Enumeration. 


1.  Black  oxide  of  iron. 

2.  Wliite  oxide  of  zinc. 

3.  Wh  ite  oxide  of  lead. 

4.  Yellow  oxide  of  tin. 

5.  White  oxide  of  antimony. 

6.  Wliite  oxide  of  arfenic. 


8.  Oxide  of  copper  *. 

9.  Oxide  of  cobalt*. 

10.  Oxide  of  nickel  *. 

1  l.  Oxide ol  bifmulh  *. 

12.  Purple  oxide  of  gold  ? 

13.  Yellow  oxide  of  diver? 


7.  White  oxide  of  inanganefe.  1 4.  Black  oxide  of  mercury  f? 


*  The  particular  oxide  of  thefe  metals,  which  is  the  produd  of 
combudion,  has  not  been  afeertained ;  but  they  are  ail  combuftiblc 
in  oximuriafic  acid  gas. 

f  I  doubt  much  whether  gold,  filver,  and  mercury,  be  combuf- 
tible  at  all.  They  do  not  burn  in  air,  how  ’nigh  foever  the  tem¬ 
perature  is;  neither  do  they  detonate  with  red  hot  nitre,  nor  exhibit 
any  appearance  of  combuftion  in  oximuriatic  acid  gas  ;  though  this 
luft  body  oxidates  them  with  great  rapidity. 


The 
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The  following  oxides,  on  the  other  hand,  are  partial  fup- 
porters  of  combudion : 


1 .  Red  oxide  of  iron 

2.  Yellow  oxide  of  gold  f . 

3.  White  oxide  of  filverj. 

4.  Redoxideof mercury §. 

5.  Arfenic  acid  j|. 


6.  Red  and  brown  oxides  of 

lead  **. 

7 .  Black  oxide  of  manganefe. 

8.  Acidulous  oxide  of  antimony? 

9.  White  oxide  of  tin  ? 


This  lid  would  doubtlefs  be  increafed  by  an  accurate  exami¬ 
nation  ol  all  the  metallic  oxides  not  included  in  either  of  thefe 
tables. 


Thus  it  appears  that  feveral  of  the  produds  of  combudion  Incombuftibility 
are  capable  of  combining  with  oxigen.  The  incombudibility  otfngtfwantof 
ol  produds,  therefore,  is  not  owing  to  their  want  of  affinity  for  affinity  for  oxi- 
oxigen,  but  to  fome  other  caufe.  £en* 

5.  No  produSi  of  combudion  is  capable  of  fupporting  com-  Nor  can  they 
budion.  This  is  not  occadoned  by  any  want  of  affinity  for fuPPort  combuf- 
combudible  bodies ;  for  feveral  of  them  are  capable  of  com-  tioey*  can  com¬ 
bining  with  an  additional  dofe  of  their  bads.  But  by  this  com-  bine  with  com¬ 
bination  they  lofe  their  properties  as  produces,  and  are  convert-  buftlbles* 
ed  into  combujiibles.  The  procefs  therefore  differs  edentially 
from  combudion.  Thus  fulphuric  acid,  a  product  of  combuf-  Indances.  This 
lion,  by  combining  with  an  additional  dofe  of  fulphur  or  its  combination  af- 
oxide,  is  converted  into  fulphureous  acid ,  a  fubdance  which,  cmbuftble^ 
from  feveral  of  its  properties,  I  conclude  to  be  combudible.  ing.by  Part  of 
1  hus  alfo  phofphoric  acid,  a  product  of  combudion,  is  capable  t*ie'lr 
of  combining  with  phofphorated  hidrogen,  and  of  forming 
phofphorous  acid  a  combudible  body.  When  this  lad  acid  is 
heated  in  contad  with  a  fupporter,  it  undergoes  combudion; 
but  it  is  only  the  additional  dofe  of  the  combudible  which  burns, 
and  the  whole  is  converted  into  phofphoric  acid.  Hence  we 
fee  that  it  is  not  the' whole  bads  of  thefe  compounds  which  is 
combudible,  but  merely  the  additional  dofe.  The  compounds, 
therefore,  formed  by  the  union  of  a  produd  and  combudible. 


*  Fulminates  with  phofphorus, 
f  Forms  fulminating  gold. 

^  Forms  fulminating  filver. 

$  Forms  fulminating  mercury. 

|  Occafions  combudion  when  heated  with  feveral  combuftlbles, 

**  Occafions  the  combudion  of  fulphur. 

V  or..  II. — May,  1802.  C  may 
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may  be  termed  partial  combuftible^ ;  indicating  by  the  name. 

3  . nee  pnduEls  that  a  part  only  of  the  bate  is  capable  of  undergoing  combudion. 

with  oxigen,  but  ^ow  bnce  the  products  of  combudion  are  capable  of  com- 

never  exhibit  bining  with  oxigen,  but  never  exhibit  the  phenomena  of  coni- 

kfTthfyTc />”r-  Buftion  except  when  they  are  in  the  date  of  partial  combuf- 

t\al  ccmbujlibles,  tibles,  combuftible  bodies  mud  contain  fome  principle  which 

combufbbles  they  j0fe  durjntr  combudion,  and  to  which  they  owe  their  com- 
muft  contain  a  0  7  #  ft 

fubftance  which  budibility  ;  for  after  they  have  lod  it,  they  unite  to  oxigen  with- 
they  lofe  in  out  exhibiting  the  phenomena  of  combudion. 

FrodvEh  can  Though  the  products  of  combudion  are  not  capable  of  fup- 
give  oxigen  to  porting  combudion,  they  not  unfrequently  part  with  their  oxi- 

c on v m Vh e?rn  ’in-  &en  ju^  as  fupporters  do,  give  it  out  to  combudibles,  and  con- 
to  products  5  but  vert  them  into  products ;  but  during  this  procefs  no  heat  nor 
!ight  ever  evohred.  Water,  for  indance,  gives  out  its  oxigen 
combuftion.  to  iron,  and  converts  it  into  black  oxide,  a  produdt ;  and  fulphu- 
ric  acid  gives  out  its  oxigen  to  phofphorus,  and  converts  it  in¬ 
to  phofphoric  acid.  Thus  we  fee  that  the  oxigen  of  products  is 
capable  of  converting  combuftibles  into  products,  jud  as  the 
The  oxigen  of  oxigen  of  fupporters  ;  but  during  the  combination  of  the  lalt 
fupporters  differs  only,  are  heat  and  light  emitted.  The  oxigen  of  fupporters 
prcduEiu  then  contains  fomething  which  the  oxigen  of  products  wants. 

Combuftibility  g.  Whenever  the  whole  of  the  oxigen  is  abdra&ed  from 
produEls  only  by  produ£ts,  the  combuftibility  of  their  bafe  is  reftored  as  com- 
cembujliblts .  pletely  as  before  combudion  ;  but  no  fubdance  is  capable  of 
*  abdra£ting  the  whole  of  the  oxigen,  except  a  combuftible  or  a 

partial  combuftible .  Water,  for  indance,  is  a  produ6t  of  com¬ 
budion,  wliofe  bafe  is  hidrogen.  To  redoreihe  combudibility 
of  the  hidrogen,  we  have  only  to  mix  water  with  iron  or  zinc 
filings ;  the  metal  is  oxidated,  and  the  hidrogen  gas  is  evolved 
as  combuftible  as  ever.  But  no  fubdance,  except  a  combuf¬ 
tible,  is  capable  of  feparating  hidrogen  gas  from  water  by  com¬ 
bining  with  its  oxigen.  In  the  fame  manner  phofphorus  abforbs 
the  oxigen  from  fulphuric  acid,  and  is  converted  into  a  product, 
while  fulphur  is  feparated  in  its  ufual  date  of  combudibility. 
Thus  we  fee  that  combudibles  are  capable  of  redoring  the 
combudibility  of  the  bafes  of  products,  but  they  themfelves 
lofe  their  combudibility  by  the  procefs,  and  are  converted  into 
products.  Combudibility,  therefore,  may  be  thrown  at  plea- 
Do&fine  cf  fure  from  one  body  to  another.  This  tact  was  fird  let  in  a 

Stain.  proper  light  by  Stahl,  and  was  the  great  dep  in  the  theory  of 

combudion 
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combuftion  for  which  we  are  indebted  to  that  philofopher. 

Some  miftakes  into  which  he  fell  were  afterwards  corrected  by 
Lavoifier  *. 

From  thefe  fa£ts  it  is  obvious,  that  the  products  of  combuf-  When  proiuEls 
tion  may  be  formed  without  combuftion  ;  but  in  thefe  cafes  a  without  combuf- 
new  combuftible  is  always  evolved.  The  procefs  is  merely  an  tion,  a  newcom- 
interchange  of  combuftibility ;  for  the  combuftible  is  convert-  bufhbleis  evolv¬ 
ed  into  a  product  only  by  means  of  a  product.  Both  the  oxi-* 
gen  and  the  bafe  of  the  product  having  undergone  combultion, 
have  loft  fomething  which  is  effentiai  to  combultion.  The 
procefs  is  merely  a  double  decompofition.  The  product  yields 
its  oxigen  to  the  combuftible,  while  at  the  fame  time  the  com-* 
buftible  gives  out  fomething  to  the  bafe  of  the  product ;  the 
combuftibility  of  that  bafe  then  is  reftored  by  the  Iofs  of  its  ox¬ 
igen,  and  by  the  reftoration  of  fomething  wrhich  it  receives 
from  the  other  combuftible  thus  converted  into  a  product. 

There  is  indeed  another  method  of  forming  the  produ6ts  of  Complicated  cafe 
combuftion  without  actual  combuftion  in  certain  cafes;  but  Pr°du&s. 
the  phenomena  are  much  more  complicated.  This  method  is  acjdy  &c> 
to  expofe  them  to  the  action  of  fome  of  the  fupporters  diffolved 
in  water ;  elpecially  nitric  acid.  Thus  moft  of  the  metallic 
oxides  may  be  formed  without  combuftion  by  the  adtion  of  that 
acid  on  the  metals.  But  in  that  cafe  a  new  fupporter  is  always 
evolved,  namely,  nitrous  gas ;  ammonia,  a  new  combuftible, 
is  ufually  alfo  formed  ;  and  not  unfrequently  the  produft  is 
converted  into  a  partial  fupporter . 

7.  No  fupporter  can  be  produced  by  combuftion,  or  by  any  Oxigen  may 
equivalent  procefs.  Now  as  all  the  fupporters,  except  oxigen  ^mbine  without 
gas,  confift  of  oxigen  combined  with  a  bafe,  it  follows  as  a  dient  which  8oc- 
confequence,  that  oxigen  may  combine  with  a  bafe  without  c^oas  comfeuf- 
lofing  that  ingredient,  whatever  it  is,  which  gives  occafton  to  tl0n* 
combuftion.  The  a<5i  of  combination  of  oxigen  with  a  bafe, 
therefore,  is  by  no  means  the  fame  with  combuftion.  If  we 


*  When  fulphate  of  iron  is  dropt  into  a  folution  of  muriate  of 
gold,  nitrate  of  filver,  or  nitrate  of  mercury,  the  gold,  filver,  and 
mercury  are  precipitated  in  the  metallic  ftate.  This  is  an  additional 
reafon  for  fufpe&ing  that  thefe  three  metals  are  not  combuftible. 
Every  perfon,  however,  muft  have  obferved,  that  the  metals  in  quef- 
tion  have  not  the  metallic  luftre  when  ftrft  precipitated,  and  that 
they  acquire  it  flowly  when  allowed  to  remain  expofed  to  the  light. 

C  2  take 
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All  fupporters  take  a  view  of  the  different  fupporters,  we  ftiall  lind  that  all  of 
from  other  h  r  ^em  which  can  be  obtained  artificially,  are  procured  cither 
fupporters,  or  by  from  other  fupporters,  or  by  the  agency  of  ele&ricity. 

I.  Oxigen  gas  may  be  procured  from  nitric  acid  and  oxi- 
muriatic  acid,  two  fupporters ;  and  from  feveral  of  the  partial 
lupporters,  as  the  black  oxide  of  manganefe,  the  red  oxides  of 
lead  and  of  mercury.  The  a&ion  of  heat  is  always  neceffary  ; 
but  the  procefs  is  very  different  from  combuftion. 

II.  Air,  as  far  as  is  known  at  prefent,  cannot  be  formed  ar¬ 
tificially.  The  gas  indeed  which  comes  over  during  part  of  the 
ufual  diftillation  of  nitre  and  fulphuric  acid  to  obtain  nitrous 
acid,  relembles  air  very  clofely.  But  it  is  obtained  from  a 
fupporter. 

C^xide  of  azote.  III.  The  gaseous  oxide  of  azote,  or  nitrous  oxide  of 
Davy,  has  hitherto  been  only  procured  from  nitrous  gas  and  ni¬ 
tric  acid  (nitrate  of  ammonia),  both  of  which  are  fupporters. 

IV.  Nitrous  gas  can  only  be  procured  by  the  decompo- 
fition  of  nitric  acid,  a  fupporter. 

V.  Oximuri  atic  acid  can  be  formed  by  combining  mu¬ 
riatic  acid  with  the  oxigen  of  nitric  acid,  a  fupporter ;  or  with 
the  oxigen  of  the  black  oxide  of  manganefe,  the  red  oxides  of 
lead,  iron,  mercury,  & c.  all  of  which  are  partial  fupporters. 

Nitric  acid  VI.  Nitric  a c i  d  is  formed  fpontaneoufly  upon  the  furface 

formed  fpontane- 0f  the  earth  by  proceffes  with  which  we  are  unacquainted, 
oufly. 

(To  be  continued.) 


Nitrous  gas. 

Oximuriatic 

acid. 


IV. 

Some  Account  of  a  new  Planetary  Body ,  dijeovered  by 
Dr.  Olbers,  on  the  28th  of  March,  1802. 

Difcoveryofa  LETTER  from  Dr.  J.  H.  Schroeter,  of  Lilienthal,  to 

rcw  planet.  Mr>  Bc^  London,  was  lately  read  at  the  Royal  Society,  in 
which  he  gives  an  account  of  this  remarkable  difeovery  of  a 
fecond  planetary  body  of  fmall  apparent  magnitude,  difeover- 
ed  by  Dr.  Olbers,  of  Bremen,  on  the  28th  of  lafl  March,  when 
it  formed  the  fouth  point  of  an  equilateral  triangle  with  the 
ftars  Nos.  20  and  19  of  the  conffellation  Virgo,  During  the 
comparifons  he  was  induced  to  make,  from  his  conviction  that 
it  was  not  there  in  January  when  he  re-difeovered  the  Ceres 

near 
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near  the  fame  fpot,  he  found  its  change  of  place  to  be  very  per¬ 
ceptible,  The  following  obfervations  were  tranlmitted  by  him 
to  Dr,  Schroeter  : 

d.  h.  m*  s. 

IS02.  Afar.  28  9  25  10  M.  T.  App.  R.  Af.  184*  56'  49"  Itsplace. 

App.  Dec.  11  33  30  N. 

29  8  49  14  M.  T.  App.  R.  Af.  184  46  36 

App.  Dec.  11  52  59  N, 

Dr.  Olbers  had  not  the  means  of  obferving  any  dife,  but  Dr. 

Schroeter,  from  his  information,  began  to  obferve  it  on  the 
30th  with  his  thirteen  feet  reflector,  while  his  aflihant,  Air. 

Harding,  determined  its  place.  With  a  power  of  288  of  this 

large  inflrument,  it  appeared  round  and  lefs  hazy  than  Ceres, 

with  a  diameter  of  4.635  feconds,  which  is  much  larger  than  Its  apparent  dia- 

thofe  of  Ceres  and  the  Georgium  Sidus ;  the  former  of  which,  meter  larger  thaa 

on  the  28th  Alarch,  meafured  4.021  fee.  and  the  latter,  on  the  the  Geo.  Sidui, 
20th,  meafured  3.97 3  feconds.  Its  light,  though  pale  and  white  Its  light, 
in  comparifon  with  that  of  Ceres,  was  neverthelefs  more  in- 
tenfe  upon  the  wrhole,  as  appeared  by  its  projebtion  on  the 
dife  micrometer;  but  the  Georgium  Sidus  wras  much  brighter. 

A  minute  har  was  feen  near  it  on  two  feveral  days,  which  Sufpicion  of  % 
Dr.  Schroeter  feems  to  fufpebt  as  a  fatellite.  fatellite. 

The  polition  of  the  Olberian  planet  (or  comet),  at  Alarch 
30  d.  8  h.  20  m.  50  fee.  mean  time,  was 

App.  R.  A.  184°  35'  52"  and  12°  15'  8"  app.  N.  declin. 

On  the  1ft  of  April  it  was  again  obferved  with  the  great  No  dife  oa 
refle6tor,  and  appeared  to  exhibit  no  dife,  but  was  lefs  in  a  APrli  *• 
brighter  light  with  the  power  of  288,  and  could  not  be  diftin- 
guifhed  from  a  fixed  liar.  When  it  fometimes  appeared  with 
a  dife,  its  diameter  was  only  3  ".244.  The  Dobior  is  difpofed 
to  aferibe  this  to  the  heavy  dew. 


Letter  from  Mr.  W.  Walker,  Lecturer  on  the  Eidour  anion. 

To  Mr.  NICHOLSON. 

4 1 ,  Conduit  Street,  Hanover  Square,  London , 
SIR,  April  26,  1802. 

THE  account  you  did  me  the  favour  of  inferting  in  your 
valuable  Journal  of  the  lafl:  month,  refpebling  the  fituation  of 
the  planet  Ceres,  will  be  rendered  additionally  interefting  at 
prefent,  from  the  circumflance  of  a  ftill  more  recently  obferved 

C  3  moving 
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moving  flar  being  fituated  very  near  to  the  fituation  there 
pointed  out  as  the  place  of  the  Ceres  on  the  25th  of  March. 
Prefent  fitua-  The  planet  or  comet  difcovered  by  Dr.  Olbers,  at  Bremen,  on 
tion,  April  2 6.  28th  ult  is  at  prefent  in  a  very  fmall  degree  to  the  S.  E.  of 
the  fituation  of  the  Ceres  on  the  25th  of  March,  and  will  rea¬ 
dily  be  feen  by  a  night-glafs  or  telefcope.  It  is  invifible  to  my 
naked  eye,  but  appears  of  a  definable  dife  with  a  magnifying 
Definable  dife  power  of  a  100  times.  Its  light  is  pale  red  and  very  faint,  and 
with  power  of  through  the  night-glafs  is  lefs  brilliant  than  the  Ceres,  although 

and  lefs  brilliant no  magnifying  power  that  I  can  ufe  will  give  the  latter  any  ap- 
than  Ceres.  parent  diameter.  It  feems  probable  that  its  difiance  is  about 

rearerdieEarth  as  ^ar  aga^n  as  is  from  the  Sun,  whilft  the  Ceres  is 

near  three  times  the  di dance,  and  Mars  about  once  and  a  half 
as  far  off.  As  my  object  is  merely  to  enable  any  perfon  to  find 
it,  I  do  not  trouble  you  with  any  more  full  account  at  this  late 
period  of  the  month. 

I  remain,  SIR, 

With  much  refpefl. 

Your  conftant  reader, 

W.  WALKER. 


Prefent  fituation  The  Ceres  Ferdinandia  will  be  found  a  little  to  the  north- 
ot  Ceres.  eafl  of  the  flar  Beta  in  the  Lion’s  Tail,  being  the  eaflermoff 
point  of  a  right  angled  triangle  formed  by  Beta,  a  double  flar 
due  north  of  it  and  itfelf. 


V. 

On  Bradley's  Method  of  objtrving  Tranfits ,  and  another  Method 
by  which  the  Thicknefs  of  the  IFire  is  rendered  of  no  Importance, 
In  a  Letter  from  Mr.  Ezekiel  Walker. 


To  Mr.  NICHOLSON. 


SIR, 


Dr.  Bradley's  1  HE  method  of  taking  tranfit  obfervations  introduced  by 
in^tran fif obfer-  Dr.  Radley  is  ftill  ufed  by  aftronomers.  This  confifls  in 
vations  deferibed.  noting  the  proportihnal  didance  of  the  liar  from  the  wire  at 
the  two  beats  of  the  clock,  one  immediately  preceding,  and 
the  other  immediately  following  its  paflage  acrofs  the  wire. 
If  the  wire  be  fo  (hick  as  to  cover  the  flar,  and  the  flar  hap¬ 
pens  to  be  behind  it  when  the  clock  beats,  the  fituation  of  the 

liar’s 
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ftar’s  centre  cannot  be  exa6tly  known,  which  makes  the  intro- 
du£tion  of  fine  wires  very  defirable.  The  finell  wires  ftill  Spider’s  webs  in 
proving  too  thick  for  very  fmall  ftars,  an  aftronomical  friend  ^  ^ 

of  mine  hinted  to  Mr.  Troughton  that  he  might  probably  re¬ 
ceive  affi fiance  in  this  delicate  branch  of  his  bufinefs  from  fome 
of  his  fpiders.  This  hint  was  not  loft,* — and  hence  Bradley’s 
method  of  obferving  feems  to  be  carried  to  the  higheft  degree 
of  perfection  by  the  aftiftance  of  a  harmlefs  infeCt  which  is 
perfecuted  without  mercy  by  every  file  de  chambrt  throughout 
his  Majefty’s  dominions. 

There  is,  however,  another  method  of  obferving  which  Another  method 
precludes  the  necellity  of  very  fine  wires.  1  his  conlilts  111  fide  of  the  wire 
noting  the  time  when  the  centre  of  the  ftar  comes  to  the  side 
of  the  wire.  But  before  this  method  is  ufed  it  is  neceftkry  that 
one  fide  of  the  middle  wire  fhould  be  brought  into  the  meri¬ 
dian;  fuppofe  it  be  that  fide  which  appears  to  the  weft  when 
the  telefcope  is  turned  to  the  fouth,  then  the  obfervations  are 
to  be  taken  on  that  fide  of  all  the  wires. 

It  is  a  line  drawn  by  the  Jlrength  of  imagination  down  the  mid-  Which  is  a  real 
die  of  the  wire,  parallel  to  the  fides,  which  is  ufed  in  Bradley’s  me* 
method,  but  in  my  method  a  real  line  is  prefented  to  the  eye 
of  the  obferver  and  which  he  fees  very  diftinCtly,  although  as 
fine  as  if  it  had  been  drawn  through  a  geometrical  definition. 

This  method  of  obferving  feems  to  be  more  fimplethan  the  Its  advantages* 
other,  in  confequence  of  its  being,  in  many  cafes  only  necef- 
fary  to  attend  to  one  fide  of  the  .wire  :  for  example  ;  Should 
the  clock  beat  when  half  the  ftar  is,  covered  by  the  wire,  it  is 
evident  that  the  centre  of  the  ftar  pafles  the  fide  of  the  wire  at 
that  time.  And  by  making  ufe  of  the  apparent  diameter  of 
the  ftar,  and  the  thicknefs  of  the  wire  as  two  meafures,  the 
fractional  part  of  a  fecond  may  be  eftimated,  by  an  experienced 
obferver  to  a  very  great  degree  of  precifion. 

How  far  this  fmall  alteration  in  the  method  of  ufing  the 
tranfit  telefcope  may  be  found  convenient  to  others  experience 
muft  determine;  but  for  my  own  part,  I  am  certain  that  I  can 
oblerve,  not  only  with  more  eale  to  myfelf,  but  with  greater 
exaftnefs  b^’  this  method  than  by  Bradley’s. 

I  am.  Sir, 

Your  very  humble  fervant, 

Lynn,  April  19,  1802.  EZEKIEL  WALKER. 

*  See  a  further  account  of  this  invention  in  the  laft  vol.  of  this 

Journal,  pa,  319. 
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Defcription  of  a  Stove  on  the  Principles  of  the  Szvedifh  Fire-place , 
with  Heat-openings,  bp  Citizen  Guyton.* 

Fire-places  in  The  true  principles  of  conftrudting  fire-places,  fo  as  to  ob- 
France  not  gene- tain  the  greatefi  heat  with  the  leaft  confumption  of  fuel,  have 
on  good^rinci-  been  known  for  fome  time  in  France;  but  they  have  been 
pics.  much  lefs  generally  adopted,  than  the  neceffity  for  economiling 

Often  too  deep,  fuel  demands.  We  fee  many  fire-places  fo  deep  as  to  con- 
fume  double  the  quantity  of  fuel  neccffary,  and  yet  heat  the 
apartment  but  faintly,  where  half  the  expcnce  might  be  fpared 
by  altering  the  fire-place  according  to  count  Rumford’s  plan. 
Smoky  chim-  If  a  chimney  fmoke,  inflead  of  reducing  the  tunnel  to  pro- 
remedied ^Ua^"  Per  dimenfions,  fo  that  defcending  currents  cannot  take  place 
in  it,  fcarcely  any  remedy  is  thought  of  but  air-holes,  which 
require  the  facrifice  of  a  certain  quantity  of  fuel,  to  counter¬ 
balance  the  effedt  of  the  cold  air  continually  entering. 

The  ufe  of  the  Swedifh  doves  is  probably  yet  rare,  from 
their  not  having  been  conftrudted  on  juft  principles,  or  in  the 
beft  proportions,  at  their  firft  introduction.  As  I  have  had 
one  made,  which  appears  to  many  of  my  friends  to  produce 
an  aftonifhing  effedt,  in  compliance  with  their  requeft  I  fhall 
give  an  exadt  defcription  of  it,  premifing  however  a  few  prin¬ 
ciples  with  regard  to  fires. 

General  princi-  1 .  The  heat  produced  is  proportionate  only  to  the  air  con- 
Kfcs'for  do8-'1  fumed  by  the  fueI‘ 

meftic  purpofes.  2.  The  quantity  of  heat  produced  by  a  given  quantity  of 
fuel  is  greateft  when  the  combuftion  is  moft  complete. 

3.  The  combuftion  is  moft  complete  when  the  filiginous 
part  of  the  fuel  is  retained  longeft  in  pipes  in  which  it  may 
undergo  a  fecond  combuftion. 

4.  Of  the  heat  produced  none  is  of  ufe,  but  what  is  dif- 
fufed  through  the  Fpace  to  be  heated,  and  retained  in  this 
fpace. 

3.  The  temperature  in  this  fpace  will  be  higher,  in  propor¬ 
tion  as  the  current  of  air,  which  is  to  renew  and  keep  up  the 
combuftion,  is  lefs  difpofed  to  abforb  the  heat  of  this  fpace  in 
pafting  through  it. 

*  Abridged  from  the  Annales  de  Chimie,  vol.  xli.  p.  79.  C. 
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Hence  we  deduce  the  following  obvious  confequences:  Corollaries  de- 

1.  The  fire-place  muff  be  kept  feparate  from  all  bodies  that 
conduct  heat  rapidly. 

2.  As  heat  can  be  produced  only  by  coinbuftion,  and  com- 
budion  can  be  maintained  only  by  a  current  of  air,  this  cur¬ 
rent  fhould  be  attracted  into  pipes,  where  it  preferves  the  re- 
quifite  velocity,  without  going  away  from  the  place  to  be 
heated  ;  fo  that  the  heat  it  depolits  in  it  gradually  accumulates 
in  the  whole  of  the  ifolated  dove,  to  be  afterward  given  out 
(lowly,  according  to  the  laws  of  its  equilibrium 

3.  When  the  wood  is  confumed  to  fuch  a  point  as  to  afford 
no  more  fmoke,  it  is  of  advantage  to  flop  the  outlets  of  thefe 
pipes,  to  keep  in  the  heat,  which  would  be  carried  into  the 
chimney  by  the  continued  current  of  frefli  air,  which  would 
lieceffarily  be  of  a  lower  temperature. 

4.  We  fliall  obtain  a  higher  temperature,  and  preferve  it  Apertures  for 
longer,  under  fimilar  circumflances,  if  we  condruct  within  the  ^eated  a‘r* 
ilove,  or  under  the  hearth  and  round  the  fire-place,  pipes  in 

which  the  air  derived  from  without  is  warmed  before  it  enters 
into  the  apartment  to  fupport  the  fire,  or  to  replace  what  has 
been  confumed. 

Thefe  pipes  are  what  have  been  called  heat  openings, 

( bouchcs  de  chakur,)  beeaufe  inflead  of  confidering  their  prin¬ 
cipal  objedl,  it  is  commonly  fuppofed,  that  they  are  made  to 
give  a  more  rapid  paffage  to  the  heat  produced.  This  is  not 
totally  without  foundation,  fince  the  temperature  of  the  air 
ilfuing  from  them  is  increafed  by  the  heat  it  abforbs  from  the 
dove;  and  on  this  account  fome  might  be  difpofed  to  neglect 
them,  as  contrary  to  the  mod  effential  objedt,  that  of  retaining 
the  heat  in  it;  but  it  is  to  be  obferved,  that  we  can  fhut  thefe 
outlets  when  we  pleafe;  and  that  we  may  even  cut  off  ali 
communication  with  the  external  air  by  means  of  a  fimple 
flider;  fo  that  every  advantage  may  be  derived  from  them 
without  any  inconvenience.  It  mud  be  added,  that  they  are  Neceflaryln  very 
neceffary  in  very  clofe  apartments,  unlefs  we  would  expofe  cl0^e  aPartments* 
ourfelve*  to  currents  of  cold  air.  Thefe  reafons  have  induced 
me  to  employ  the  heat  openings  in  the  Svvedifli  dove,  to  which 
they  had  not  been  applied. 

The  Swedifh  doves  are  condrudted  dridlly  according  to  the  Swedifh  ftoves 
trued  principles,  and  the  pipes  in  which  the  fmoke  circulates  the  beft^rincU 
are  difpofed  in  the  bed  manner  for  effedting  its  complete  com-  pies. 

budion. 
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So  ufeful^  that  budion.  Their  utility  has  been  found  fo  great,  that  they  have 
generalln  Swe^  become  general  in  Sweden,  where  the  winters  are  very  fe- 
den  i  vere,  and  where  they  have  diminiflied  the  confumption  of 

wood  one  third,  fo  that  there  is  no  country  where  the  incle¬ 
mency  of  the  weather  is  guarded  again (t  at  lefs  expence. 
°yCd  have  likewife  been  employed  advantageoufly,  with  the 
vrurks.  necelfary  variations  of  form,  in  dye-houfes,  breweries,  &c. 

Conttruftionj  Their  condru&ion  is  by  no  means  expend  ve;  they  fave  iron¬ 
work,  and  require  only  bricks  or  tiles.  Thcle  are  recom¬ 
mended  to  be  placed  edgewife,  and  chofen  as  thin  as  potlible 
for  the  inner  walls.  The  circulating  pipes  are  to  be  placed 
fo,  that  rain  falling  down  the  chimney  can  never  get  into  them. 
The  method  of  uling  them  is  fo  eafy,  that  in  the  larged  pub¬ 
lic  buildings  one  perfon  is  fufficient  to  light  all  the  fires.  Ail 
the  wood  that  can  be  contained  in  the  fire-place,  which  is 
very  fmall,  is  to  be  put  in  at  once;  it  is  to  be  fawn  into  pieces 
of  equal  lengths;  and  as  foon  as  it  is  burned,  the  Aider  that 
flops  the  communication  of  the  circulating  pipes  with  the  chim¬ 
ney  is  to  be  thrufl  in.  By  thefe  means  all  the  heat,  which  the 
fuel  is  capable  of  producing,  remains  in  the  pipes,  and  ilfues 
out  flowly,  and  only  to  diffufe  itfelf  in  the  apartment;  while 
a  Angle  piece  of  wood,  that  had  not  burned  at  the  fame  time 
with  the  red,  would  oblige  the  Aide  to  be  left  open,  and  the 
current  of  air  necedary  for  its  combudion  would  carry  oA’into 
the  chimney  the  greater  part  of  the  heat  produced. 

The  following  is  a  description  of  the  dove  condru&ed  un- 
thc  Swedifh  ftove  jer  directions. 

conftructed  by  .  J 

Fig.  1,  Plate  III.  reprefents  a  front  view  of  the  dove:  its 
height  is  164  centimetres  (about  61  inches  French),  exclufive 
of  the  vale,  which  is  a  feparate  ornament,  merely  placed  on 
the  top. 

Its  breadth  is  85  centimetres  (about  3 If  inches.) 

Its  depth  58  centimetres  (about  21  \  inches.) 

The  height  may  vary  according  to  the  dze  of  the  apart¬ 
ment,  and  be  extended  without  inconvenience  to  two  metres 
(about  6  feet,  2  inches.)  It  may  likewile  be  reduced,  as  I 
have  done  for  doves  in  a  laboratory,  which  were  to  fuppori  a 
land  bath  as  high  as  the  hand. 

The  other  two  dimendons  are  determined  by  thofe  of  the 
bricks  employed  to  form  the  interior  circulatory  pipes,  which 
fhould  be  in  certain  proportions,  that  the  fmoke  may  pafs 

through 
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through  them  freely,  without  fo  much  air  entering  with  it  as 
would  condenfe  it,  or  fink  the  temperature  below  the  degree 
neceffary  for  combudion. 

V  V  are  the  external  parts  of  the  two  heat  openings.  Heat  openings. 

m  m  Apertures  of  the  dove,  by  which  the  air,  that  is  to 
blue  through  the  heat  openings,  enters.  Thefe  are  clofed 
when  the  air  is  drawn  from  without  through  a  pipe  palling 
under  the  floor ;  which  is  much  more  advantageous  for  renew¬ 
ing  the  refpirable  air  of  the  apartment,  and  prevents  the  dan¬ 
ger  of  currents  of  cold  air  attra&ed  by  the  fire;  and  which 
is  neceflary,  as  I  have  obferved,  whenever  the  volume  of  air 
in  the  apartment  is  not  fufficient,  to  1  upply  both  the  confump-  ' 
lion  of  the  fire,  and  the  circulation  in  the  heat  pipes. 

Fig.  2.  is  a  plan  of  the  foundation  of  the  hearth  at  the 
height  of  the  line  A  B,  fig.  1 .  1 1  are  empty  fpaces,  to  receive 
the  air,  and  convey  it  into  the  compartments,  where  it  is  to 
be  heated  before  it  illiies  by  the  heat  openings,  whether  the 
air  be  obtained  from  without,  or  limply  by  the  apertures  m  m, 
fig.  1. 

Fig.  3.  pi.  IV.  plan  at  the  height  of  the  line  C  D,  fig.  1;  that 
above  the  door  of  the  fire-place,  n  nnn  are  the  double  plates 
of  cad  iron,  forming  the  compartments  in  which  the  air  is  to 
receive  the  effe 61  of  the  heat  of  the  fire, 

o  o  The  empty  fpace  between  thefe  plates. 

Fig.  4.  Front  feftion  at  the  line  I  K,  fig.  3.  The  arrows 
indicate  the  direction  of  the  fmoke  in  the  circulatory  pipes  of 
the  front  part.* 

In  this  the  plates  of  iron  n  n  are  feen  in  their  perpendicular 
dtuation,  with  the  tongues  which  form  their  compartments  on 
each  fide  of  the  fire-place.  One  of  thefe  plates  is  reprefented 
in  front  fig.  7. 

T  is  an  opening  left  at  the  bottom  of  the  fourth  circulatory 
pipe,  to  redore  the  draught  of  air  in  the  fire-place,  if  necef- 

*  Among  the  number  of  Swedilh  doves  deferibed  and  delineated 
in  the  colle&ion  publilhed  by  baron  Crondedt  there  are  feveral,  the 
circulating  pipes  of  which  pafs  under  the  hearth.  This  gives  them 
a  little  more  extent  no  doubt,  but  as  foon  as  the  hearth  is  covered 
with  alhes,  the  air  pading  beneath  can  receive  but  a  very  flight  im- 
predion  of  heat;  it  obliges  the  fire-place  to  be  railed  higher;  and  it 
renders  the  conftru&ion  more  complex  and  expenfive.  For  thefe 
reafons  I  have  adopted  the  mod  fimple  plan. 

4  fary. 
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fary,  by  burning  there  a  few  flips  of  paper,  or  other  light  com- 
buttible,  I  fay  if  necejfary,  bccaufe  I  have  found  by  experi¬ 
ence,  that  this  precaution  may  be  negledted,  as  foon  as  the 
ftove  has  been  heated  fo  as  to  have  loft  all  its  internal  damp- 
nefs. 

The  door  of  this  fort  of  blower,  or  air-vent,  ought  to  flint 
very  clofe.  For  this  purpofe  it  is  fufficient,  to  cut  a  piece  of 
brick  of  the  proper  ftze,  to  make  a  hole  in  it  to  receive  a  han¬ 
dle,  and  to  faften  upon  it  a  piece  of  plate  iron  projecting  a 
little  all  round  it. 

Fig.  5.  Plan  at  the  height  of  the  line  E  F,  fig.  1. 

Fig.  6.  Tranfverie  fedtion  at  the  line  G  H  of  fig.  3,  which 
(hews  the  height  of  the  fire-place,  and  the  firft  direction  of  the 
flame. 

V  points  out  the  arrangement  of  the  heat  pipes. 

The  dotted  lines  give  the  profile  of  the  party  walls,  which 
form  the  four  grand  circulating  pipes. 

R  the  pipe  which  conveys  the  fmokefrom  the  circulatory  pipes 
into  the  chimney,  and  in  which  is  the  regifter  that  cuts  oft' 
the  communication.  It  is  a  common  ftove  tunnel  of  plate  iron ; 
but  it  would  be  better  to  ufe  a  fubftance  more  flowly  conduc¬ 
ing  heat,  as  an  earthen  tube  made  on  purpofe,  for  that  part  in 
which  the  Aider  or  flop  plate  adts. 

The  elbow  made  by  this  pipe  to  reach  the  chimney  renders 
it  unnecefifary  to  repeat,  that  it  is  a  point  of  the  firft  import¬ 
ance  for  the  body  of  the  ftove  to  be  completely  feparate  from 
the  wall.  That  which  I  have  deferibed  is  25  centimetres 
(about  9  inches)  diftant  from  the  neareft  point  of  the  nich  in 
which  it  is  placed. 

S  is  an  elongation  of  the  perpendicular  pipe  that  enters  into 
the  chimney.  It  is  intended  to  receive  the  water  that  might 
condenfe  in  the  upper  part,  to  prevent  it  from  getting  into  the 
ftove.  The  cap  at  the  end  of  this  elongation  allows  the  pipe 
to  be  cleaned  without  taking  it  down. 

The  dotted  lines  forming  the  fquare  fpace  Q  mark  a  place 
where  a  nich  may  be  made,  or  a  fort  of  little  ftove,  as  is  done 
in  fome  of  the  Swedifti  ftoves,  and  would  advantageoufly  fup. 
ply  the  place  of  the  brick- work,  with  which  it  muft  other  wife 
be  filled  up. 

All  thefe  figures  being  drawn  on  the  fame  fcale,  there  will 
be  no  difficulty  in  preferving  the  proportions  of  the  parts. 
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The  condru&ion  of  this  ftove  is  neither  difficult  nor  expen-  Materials  of 
five.  For  the  outfide  nothing  is  wanted  but  Dutch  tiles,  fuch  i's^onftrudted''* 
as  are  ufed  for  common  (loves,  that  is  to  fay  thin  in  the  middle, 
and  having  a  border  all  round,  which  ferves  to  give  them  more 
liability.  They  are  fixed  in  like  manner  by  a  band  of  metal. 

The  hind  part  may  condd  entirely  of  bricks.  The  vafe  placed 
on  the  (lab  of  marble  or  (lone,  which  covers  the  (love  is  a 
mere  ornament. 

If  it  be  thought  proper  to  have  no  heat  openings,  all  the  The  heat  open- 
interior  (lru6ture  may  be  made  of  bricks  of  proper  (izes,  laid  omittedj  ^ 
with  loamy  earth  moiftened,  and  fet  on  edge  for  the  circu¬ 
latory  pipes,  without  any  iron  except  a  cad  plate  over  the  fire¬ 
place,  and  a  door  and  frame  in  the  ufual  manner. 

The  expence  of  the  heat  openings  howrever  confifls  only  in  The  expence 
four  cad  iron  plates  with  tongues  and  grooves  to  form  the  com-  gr°eat.VCr  n0t 
partments  reprefented  at  fig.  7.  All  the  red  is  done  with  plate  How  are  they 
iron,  bent  round  and  rivetted,  which,  when  once  enclofed  in  m3de’ 
the  mafonry,  will  not  admit  the  efcape  of  the  air. 


Cad  iron  plates  with  grooves  are  well  known,  dnce  Frank-  Subftitutes  for 
iirds  doves  have  been  adopted.  If  it  were  found  difficult  to  pi^esl^ 
procure  them,  their  place  might  be  fupplied  in  two  ways. 

Fird  by  portions  of  pipes  of  cad  iron,  wffiich  might  be  placed 
vertically  dde  by  dde,  ferving  as  the  infide  wTalls  of  the  fire¬ 
place,  and  communicating  with  each  other  by  little  channels 
at  top  and  bottom  formed  in  the  mafonry.  Secondly,  by  com¬ 
mon  plain  cad  plates,  foft  enough  to  admit  of  being  bored,  fo 
as  to  rivet  on  bent  dips  of  plate  iron,  which  would  perfectly 
anfwer  the  purpofe  of  the  tongues  and  grooves.  As  thefe 
would  never  be  expofed  to  the  action  of  the  dame,  there  is  no 
reafon  to  fear  their  cading.  The  latter  of  thefe  two  methods  is 
obvioudy  the  mod  advantageous,  as  it  occupies  lefs  room,  and 
yet  affords  more  furface  to  receive  the  action  of  the  heat,  and 
communicate  it  to  the  circulating  air. 

In  concluding  my  defcription  of  this  dove  I  ought  not  to  Its  utility  coa- 

omit  faying,  that  nearly  two  years  experience  has  convinced  firmed  b;y  *v’° 
70  J  J  r  years  experience. 

me  of  the  good  effedts  of  its  proportions. 

It  is  placed  in  a  room  fronting  the  north,  the  door  of  which  Account  of  its 
meafures  47  metres  lquare  (about  12  toifes  T)  and  which  is 
42.5  decimetres  (13  feet)  high. 

Every  day  a  log  of  wood  28  or  30  centimetres  (10  or  11 
inches)  round,  fawn  into  three  pieces,  or  an  equal  quantity  of 
imaller  wood,  is  burned  in  it  at  once.  The  dider  of  the  door 
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of  the  fire-place  is  fliut,  and  the  key  R,  fig.  6  is  turned,  af 
foon  as  the  wood  is  reduced  to  charcoal.  Ten  hours  after  the 
air  throughout  the  room  is  at  a  temperature  above  the  mean  ; 
and  the  centigrade  thermometer,  placed  36  centimetres  (above 
13  inches)  from  the  ftove,  rifes  rapidly  to  16  or  17  degrees. 

To  ihew  Hill  more  plainly  to  what  degree  the  economy  of 
fuel  and  prcfervation  of  heat  may  be  carried  by  this  conftruc- 
tion,  I  fhall  relate  another  experiment,  which  I  have  repeated 
on  feveral  occations,  and  which  has  always  afforded  me  very 
nearly  the  fame  refults. 

The  thermometer  in  the  room,  in  which  there  was  no  fire 
the  day  before,  being  between  9  and  ]0  degrees,  a  log  fawn 
in  three  as  ufual  was  put  into  the  fire-place  about  eleven  in  the 
morning;  and  at  three  in  the  afternoon  a  fimilar  quantity  of 
fuel  was  putin. 

.At  four  o’clock  the  thermometer,  placed  at  the  diiiance 
above-mentioned,  was  at  42  degrees. 

At  five,  at  37  degrees. 

At  feven,  34. 

At  nine,  3 1 . 

At  midnight,  26. 

You  could  not  bear  to  touch  with  the  hand  the  iron  rim  of 
the  heat  openings.  The  bulb  of  the  thermometer  being  placed 
oppofite  one  of  thefc  openings,  at  the  difiance  of  3  centime¬ 
tres  (about  3  inches)  rofe  in  four  minutes  to  35°. 

The  next  morning  at  9  o’clock  the  thermometer,  which  had 
been  again  placed  at  the  difiance  of  35  centimetres,  was  at  22pi 

Finally  at  noon,  that  is  to  fay  twenty-one  hoars  after  the 
laft  wood  was  put  in,  and  eighteen  hours  after  the  key  had 
been  turned,  all  the  wood  being  reduced  to  charcoal,  the 
thermometer  flood  between  189  and  19°.  It  was  then  placed 
two  centimetres  only  from  one  of  the  heat  openings,  and  in 
lefs  than  fix  minutes  it  rofe  to  26°. 

Thefe  effects  are  fo  different  from  what  we  commonly  ob¬ 
tain  by  the  confumption  of  three  or  four  times  as  much  fuel, 
that  I  may  expedi  more  than  one  reader  to  fuppofe  them  ex¬ 
aggerated  ;  but  I  hope  a  fufficient  number  will  be  found  dif- 
pofed  to  make  a  trial  of  thefe  fioves,  that  their  teflimony  and 
example  may  at  length  triumph  over  our  habits,  and  produce 
a  general  conviction,  that,  without  fuffering  any  privation  our- 
felves,  we  may  preferve  for  our  offspring  what  ufelels  wafte  is 
daily  robbing  them  of  in  an  article  of  the  firft  neccllity. 

VII.  A  Con- 
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VII. 

A  Continuation  of  the  Experiments  and  Obfervations  on  the  Light 
•which  is  fpontaneoujly  emitted  from  various  Bodies  *  ;  with 
fame  Experiments  and  Obfervations  on  Jblar  Light ,  when  im¬ 
bibed  by  Canton ’s  Phojphorus .  By  Nathaniel  Hulme, 

M.  D .  F.R.S.  and  A.  S. 

SECTION  XI. 

The  Effefts  of  various  aerial  Fluids  on  fpontaneous  Light. 

INTRODUCTION. 

The  apparatus  employed  for  experiments  with  any  kind  of  Apparatus  made 
air,  unlefs  otherwife  expreded,  confided  of  the  following u(t  ofr* 
parts :  I .  A  tea-faucer,  holding  about  three  ounces  of  water. 

2.  A  wide-mouthed  phial,  which  would  contain  about  ten 
ounces  of  liquid.  3.  A  fmall  wooden  hand,  compofed  of  a 
flender  pillar  or  ,pin,  nearly  four  inches  high,  fixed  into  a 
round  bafe,  a  little  more  than  an  inch  in  diameter,  and  half 
an  inch  thick.  This  hand  was  faftened  by  drong  thread  to 
the  middle  of  a  piece  of  dat  lead,  l'uch  as  lines  Chinefe  tea- 
cheds,  having  holes  in  it  to  admit  the  thread;  the  lead  was 
about  three  inches  fquare,  and  doubled,  to  give  it  weight  and 
liability.  The  top  of  the  pillar  was  made  pointed  ;  and  a 
round  piece  of  cork,  about  an  inch  in  diameter,  and  half  an 
inch  thick,  was  dxed  upon  it,  by  means  of  a  fuperdcial  hole 
bored  in  its  under  part  with  a  gimlet. 

When  the  whole  apparatus  was  put  in  ufe,  the  phial  was  and  its  ufe, 
filled  with  cold  pump  water,  in  a  pneumatic  tub,  then  in¬ 
verted,  and  the  fpecies  of  air  to  be  employed  was  let  up  into 
it,  to  the  quantity  of  about  eight  ounces.  The  fubjedt  for  ex¬ 
periment  bjeing  applied  to,  or  fadened  upon,  the  top  of  the 
cork,  the  dand  was  placed  on  the  tea-faucer,  and  then  intro¬ 
duced,  under  water,  into  the  phial  containing  the  air.  The 
whole  apparatus,  being  now  fuppgrted  by  the  tea-faucer, 

*  Phil.  Tranf.  1801.  p.  483.  The  former  part  is  in  the  Phil. 

Tranf.  for  1800,  page  161,  and  alfo  in  $be  Philof.  Journal,  Quarto, 

IV.  421,  451, 
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The  exclufion 
of  atmofpheric 
air  prevents  the 
appearance  of 
fpontaneous 
light. 

FiOu 


with  water  in  it,  was  depofited  in  the  laboratory  for  experi¬ 
ments  on  light.  By  this  contrivance,  the  experiments  were 
made  in  about  eight  ounces  of  air,  by  meafure,  confined  above 
two  ounces  of  water. 


§  1. 

The  Effects  of  common  or  atmofpherical  Air  on  fpontaneous  Light. 

EXPERIMENTS. 

Experiment  1 .  Two  frefh  herrings  were  hung  up  together 
in  the  laboratory,  fo  as  to  touch  each  other  at  their  flat  tides ; 
and  it  was  oblerved  that  the  parts  in  contact  remained  dark. 
wrhile  thofe  expofed  to  the  open  air  became  ver)  luminous. 

Exp.  2.  Another  frefh  herring  w'as  laid  upon  a  piece  of  thick 
brown  paper,  and  placed  in  the  laboratory.  On  examination, 
the  next  evening,  the  upper  part,  which  was  expofed  to  the 
air,  was  very  lucid ;  but  the  underfide,  lying  upon  the  paper, 
remained  quite  dark. 

Exp.  3.  A  luminous  herring  w  as  divided  tranfverfely  quite 
through  its  middle  flefhy  part;  but  the  infide  was  perfe&ly 
dark.  On  the  following  night,  that  which  before  was  dark 
had  become  luminous. 

Exp.  4.  At  9  P.  M.  apiece  of  frefh  herring,  of  about  three 
drams  in  weight,  was  introduced  above  water,  into  about 
eight  ounces  of  atmofpherical  air.  On  the  fecond  night  it  was 
become  luminous  ;  on  the  third  and  fourth,  it  continued 
fhining  ;  and  on  the  fifth  the  light  was  extinguifhed.  This  ex¬ 
periment  was  frequently  repealed,  with  both  the  flefh  of 
herring  and  of  mackerel,  and  nearly  with  the  fame  refult. 

Exp.  5.  The  cork  of  the  apparatus  was  well  lmeared  with 
the  luminous  matter  of  a  mackerel,  and  then  introduced  above 
water.  It  continued  to  fliine  finely  all  that  evening  ;  and  the 
light  wras  not  quite  extinct  on  the  fucceeding  night. 

Exp.  6.  Another  cork  wras  illuminated  with  herring-light, 
at  half  an  hour  paft  fix  P.  M.  and  introduced  above  water. 
It  remained  very  bright  at  eleven  ;  and  retained  a  glimmering 
light  the  next  evening.  The  twro  laft  experiments  w  ere  often 
repeated,  and,  in  general,  with  fimilar  efiedts.  It  may  not, 
.  .  however. 
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however,  be  improper  to  obferve,  that  the  illumination  of  the 
cork  did  not  always  continue  fo  long  as  twenty-four  hours  ;  for 
it  mufl,  ofcourfe,  vary  according  to  the  quantity  of  luminous 
matter  applied,  and  its  degree  of  brilliancy. 

Exp.  7.  A  large  piece  of  rotten  wood  was  received  from  Rotten  wood » 
the  country,  w'hich  fhone  only  in  one  place.  The  luminous 
portion  was  fawed  off  for  ufe,  and  the  dark  part  left  in  the 
laboratory.  On  going  into  the  laboratory,  the  fecond  night 
after  this  operation,  I  was  furprifed  to  fee  the  dark  piece, 
which  had  been  left  there,  very  lucid  in  feveral  places  where 
fmall  fplinters  had  been  broken  off  in  fawing  ;  many  tinning 
fragments  alfo  lay  fcattered  on  the  floor. 

Exp.  8.  A  quantity  of  rotten  wood,  moderately  fhining, 
was  blown  upon  for  tome  time  with  a  pair  of  bellows  ;  but  I 
could  not  perceive  that  this  had  any  effect  on  the  light,  fo  as 
to  render  it  more  vivid. 

Exp.  9.  A  fmall  piece  of  fninijfg  wood  was  tied  upon  one 
of  the  corks  of  the  apparatus,  and  introduced  above  water, 
where  it  continued  lucid  until  the  fifth  night.  In  another  ex¬ 
periment,  the  light  was  extinguifhed  on  the  fourth  night ;  and 
and  in  a  third  much  fooner. 

Exp.  10.  A  living  glow-worm,  in  a  tinning  date,  was  Glow-worift. 
fubmitted  to  the  action  of  a  pair  of  bellows ;  but  the  con-  Thefe  are  not 
tinuance  of  the  blaff  did  not  apparently  increafe  its  glowing  by  beI" 
quality. 

Exp.  1 1 .  A  very  luminous  dead  glow-worm  was  fixed  upon 
a  cork  of  the  apparatus,  by  means  of  a  fmall  pin,  and  then  put 
into  the  phial,  above  water.  It  continued  to  thine  as  vividly 
as  it  did  when  in  the  open  air,  forming  a  pure  white  light,  of 
a  circular  fhape. 

OBSERVATIONS. 

Obfervation.  1 .  Thefe  experiments  prove,  that  objeds  which 
abound  with  fpontaneous  light  in  a  latent  date,  fuch  as  the 
herring,  mackerel,  and  the  like,  do  not  emit  it  when  deprived 
of  life,  except  from  fuch  parts  as  have  been  fome  time  in  con¬ 
tact  with  the  air. 

Obf.  2.  They  Iikewife  fhow,  that  the  blatl  of  a  pair  of  bel¬ 
lows  does  not  increafe  this  fpecies  of  light,  as  it  does  that 
which  proceeds  from  combuflion. 
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The  Effects  of  oxigen  Gas  or  vital  Air*  onfpontaneous  Light. 


EXPERIMENTS. 


Fifh,  fliining 
wood  and  Glow¬ 
worms  in  com¬ 
mon  air  and  in 
oxigen  gas  ex¬ 
hibited  no 
difference  of 
illumination. 


Experiment  I.  A  piece  of  frefh  hearing,  of  about  three  drams 
weight,  was  introduced  above  water,  into  eight  ounces  of 
oxigen  gas.  On  the  fecond  night  it  was  obferved  to  be  faintly 
luminous;  on  the  third,  the  quantity  of  light  was  increafed ; 
on  the  fourth,  it  continued  nearly  in  the  lame  flate  ;  and  on 
the  fifth  the  light  was  diminifhed. 

Exp.  2.  A  piece  of  very  frefh  mackerel,  of  the  fame  mag¬ 
nitude,  was  alfo  put  above  water.  On  the  fubfequent  even¬ 
ing  it  was  pretty  lucid,  and  continued  the  fame  on  the  night 
following. 

Exp.  3.  At  9  P.  M.  a  cork,  finely  illuminated  with  mac¬ 
kerel-light,  was  introduced  above  wmter :  it  continued  very 
lucid  at  eleven.  On  the  next  evening  it  was  dark. 

Exp.  4.  Another  cork,  rendered  luminous  with  the  fame 
kind  of  light,  was  put  above  water  at  10  P.  M.  The  next 
morning,  at  fix  o’clock,  only  aglimmer  of  light  was  perceived 
and  at  10  P.  M.  it  was  extinft. 

Exp.  5.  At  9  P.  M.  a  fragment  of  Ihining  wood  wras  in¬ 
troduced  above  water  ;  it  w^as  obferved  to  be  ftill  very  lumi¬ 
nous  at  eleven  ;  but  the  light  was  not  quite  fo  vivid,  nor  fo 
extended  in  breadth,  as  when  the  wood  was  put  in.  On  the 
fucceeding  night,  at  eight  o’clock,  it  remained  faintly  lucid. 

Exp.  6.  A  little  after  8  P.  M.  another  fragment  of  wrood, 
fhining  very  brightly,  wras  introduced  above  w'ater,  into  the 
fame  air  that  wras  ufed  in  the  lafi:  experiment  :  it  continued 
very  luminous  at  eleven;  but  the  light  was  diminifhed  in 
quantity.  On  the  next  evening  it  was  found  to  be  extinguifhed. 

Exp.  7.  The  fame  air  wras  employed  again  at  8  P.  M.  with 
a  pretty  large  and  thick  fragment  of  wood,  uncommonly  lucid ; 
its  light  confirmed  vivid  and  broad  at  half  an  hour  pafl  eleven. 
The  following  night,  at  eight  o’clock,  the  light  was  ftill  fome- 
what  extenfive  and  bright. 

Exp.  8.  In  three  other  experiments  with  fhining  wood,  in 
frelh  oxigen  gas,  the  light  was  totally  extinguifhed  in  the  fpace 
pf  twenty-four  hours. 

#  The  oxigen  gas  made  ufe  pf  was  obtained  from  manganefe,  by 

means  of  heat 


Experiments 
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Experiments  were  made,  at  the  fame  time,  and  in  the  fame 
manner,  with  atmofpherical  air  andfhining  wood  ;  but  it  was 
not  very  evident  that  the  wood  ihone  more  vividly  in  the  latter 
air  than  it  did  in  the  oxigen  gas. 

Exp.  9.  A  living  glow-worm  was  put  into  a  two-ounce 
phial,  with  a  glafs  ftopple,  containing  pure  oxigen  gas,  and 
kept  therein  lor  fome  time.  It  was  then  taken  out,  and  ex- 
pofed  to  the  open  air  ;  but  no  difference,  either  in  the  brilliancy 
or  the  quantity  of  its  light,  could  be  difeovered. 

Exp.  10.  A  luminous  dead  glow-worm  was  then  inclofed 
in  about  five  ounces  of  the  gas ;  but  no  increafe  of  its  fhining 
quality  could  be  perceived. 

Exp.  11.  At  fix  o’clock  P.  M.  a  finning  dead  glow-worm 
was  introduced  above  water  into  oxigen  gas  :  it  continued 
very  lucid  therein  at  7  P.  M.  (hewing  a  pure  white  light.  It 
was  then  taken  out,  and  put  above  water  into  atmofpherical 
air,  where  it  (hone,  to  all  appearance,  as  fplendidly  as  it  did 
when  it  was  in  the  oxigen  gas. 

OBSERVATION. 

It  appears,  from  thefe  experiments,  that  oxigen  gas  does 
not  act  upon  this  kind  of  light,  fo  as  to  render  it  much  more 
vivid  than  it  is  in  atmofpherical  air ;  which  is  quite  contrary 
to  what  lome  authors  have  alledged. 

§  3 

The  Effects  of  azotic  Gas  on  fpontaneous  Light. 

1 .  Azotic  Gas ,  obtained  from  lean  mufcidar  Flelk  and  diluted 

nitric  Acid,  in  a  very  lozv  Heat,  as  recommended  by  M.  de 

Foukcroy. 

EXPERIMENTS. 

Experiment  1 .  A  piece  of  frefh  mackerel,  weighing  about  Azote  gas  does 
three  drams,  was  introduced  above  water,  into  about  eight  not  admK  °*  the 

r  ,  ■  ■  1  •  •  «  |  •  pro  duction  of 

ounces  of  this  azotic  gas ;  and  it  was  retained  therein  hve'fpont3neous 
days,  without  emitting  any  light,  light  but 

Exp.  2.  About  the  fame  quantity  of  frefh  herring  was  then  f^meTnftances1 
put  above  water,  into  the  fame  gas  ufed  for  the  laft  experiment,  tor  a  time  if 
and  remained  in  it  for  the  Ipace  of  three  days,  in  a  dark  ftate.  pr0~ 

This  experiment  was  repeated,  and  with  a  fimilar  refult. 

Exp.  3.  At  lo  minutes  palt  7  P.  M.  a  cork,  finely  illumi¬ 
nated  with  mackerel-light,  was  put  above  water  into  the  gas, 
and  it  was  found  pretty  luminous  at  eleven.  On  the  next  even¬ 
ing,  at  eight  o’clock,  it  ftill  exhibited  a  faint  degree  of  light. 

D  2  A  lunilar 
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azote. 


A  fimilar  experiment  was  made,  at  the  fame  time,  in  atmo-. 
fpherical  air.  At  1 1  P.  M.  the  cork  was  but  moderately  lumi¬ 
nous;  and  on  the  next  evening  it  was  dark. 

Exp.  4.  At  40  minutes  paft  7  P.  M.  another  cork,  rendered 
very  luminous  with  herring-light,  was  introduced  above  water. 
This  cork,  at  1 1  P.  M.  was  not  found  fo  lucid  as  that  in  the 
third  experiment.  On  the  next  evening,  a  glimmer  of  light 
was  fiill  perceptible. 

Exp.  5.  A  fragment  of  very  fliining  wood  was  introduced 
above  water,  into  this  gas ;  and  it  was  rendered  dark  in  about 
15  minutes. 

Exp.  6.  The  experiment  wras  repeated  ;  and  the  light  was 
again  extinguithed  in  about  15  minutes.  In  another  experi¬ 
ment  it  was  extinguithed  in  about  25  minutes. 

II.  Atmofpheric  Air  rendered  azotic,  by  burning  Spirit  of  Wine 
in  it,  when  confined  above  Water 

Exp.  7.  A  portion  of  fretli  herring,  of  about  three  drams, 
was  put  above  water,  into  this  azotic  gas,  at  5  P.  M.  On  the 
fecond  evening,  a  fpark  of  light  was  obfervable  ;  on  the  third, 
the  quantity  of  light  was  increafed  ;  on  the  fourth,  it  was  again 
diminifhed. 

Exp.  8.  At  3  P.  M.  the  ufual  quantity  of  herring  was  in¬ 
troduced  above  water.  On  the  fecond  night,  it  remained 
dark  ;  on  the  third  it  was  moderately  luminous  ;  on  the  fourth, 
it  was  lefs  lb ;  on  the  fifth,  the  light  wfas  extin<5t. 

Exp.  9.  A  piece  of  freth  mackerel  was  next  put  above 
water,  at  1 1  A.  M.  On  the  fecond  evening,  it  wras  found  to 
be  flightly  luminous ;  it  remained  fo  on  the  third ;  on  the  fourth, 
it  was  dark. 

Exp.  10.  Another  piece  of  frefh  mackerel  was  introduced 
above  water,  at  3  P.  M.  On  the  fecond  night,  it  was  found 
to  be  flightly  luminous  ;  but  on  the  third,  it  was  dark  ;  and  no 
more  light  was  emitted,  though  it  was  kept  in  the  gas  for  the 
fpace  of  four  days. 

Exp.  11.  A  co<k,  made  very  luminous  wfith  herring-light, 
was  put  above  water,  into  this  gas,  at  20  minutes  paft  8  P.  M. 
and  it  continued  very  lucid  at  eleven.  The  next  evening,  at 
ten  o’clock,  the  light  was  nearly  extinguithed. 

A  fimilar  experiment  w  as  made,  at  the  fame  time,  in  com¬ 
mon  atmofpherical  air,  and  with  the  fame  refult. 

Exp. 
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Exp.  12.  Another  cork  was  introduced  above  water,  with 
herring-light,  at  40  minutes  pad  7  P.  M.  and  it  remained  pretty 
luminous  at  eleven.  On  the  following  night,  it  was  nearly 
extindt. 

III.  The  laji  mentioned  azotic  Gas,  after  being  wajhed  with 

Lime  Water. 

Exp.  13.  A  piece  of  herring,  of  about  three  drams  weight, 
was  put  above  water,  into  this  azotic  gas,  at  5  P.  M.  On  the 
fecond  night,  it  was  dark;  on  the  third,  very  lucid  ;  and  on 
the  fourth,  the  fame. 

Exp.  1 4.  The  experiment  was  repeated,  on  a  piece  of  her¬ 
ring,  at  3  P.  M.  On  the  fecond  evening,  it  was  dark  ;  on 
the  third,  pretty  luminous ;  on  the  fourth,  itwaslefsfo;  and 
on  the  fifth,  only  a  faint  light  remained. 

Exp.  15.  A  portion  of  frefin  mackerel  was  then  put  above 
water,  at  J  I  A.  M.  On  the  fecond  night,  it  was  obferved  to 
be  moderately  ihining ;  on  the  third,  the  light  was  extindt. 

Exp.  16.  Another  piece  of  frefli  mackerel  was  introduced 
above  water,  at  3  P.  M.  On  the  fecond  evening,  it  was  flightly 
luminous  ;  on  the  third,  it  was  dark,  and  continued  fo  during 
the  four  fucceeding  nights. 

Exp.  17.  A  cork,  finely  illuminated  with  herring-light,  was 
next  introduced  above  water,  into  this  gas,  at  20  minutes  paft 
8  P.  M.  The  light  was  much  diminifbed  at  45  minutes  paft 
8  ;  at  1 1  the  cork  had  become  almoft  dark.  On  the  following 
night,  a  glimmer  was  Pill  apparent. 

Exp.  18.  Another  cork,  made  very  luminous  With  herring- 
light,  was  put  above  water,  at  40  minutes  paft  7  P.  M.  and  it 
continued  pretty  lucid  at  eleven.  On  the  next  evening,  the 
light  was  merely  vifible. 

A  fimilar  experiment  was  made,  at  the  lame  time,  in  atmo- 
fpheric  air,  and  with  nearly  the  fame  effedl. 

OBSERVATION. 

it  is  a  remarkable  circumftance,  that  azotic  gas,  which  is 
incapable  of  fupporting  light  from  combuftion,  Ihould  be  fo 
favourable  to  the  fpontaneous  light  which  is  emitted  from  fifties, 
as  to  prefervc  its  exiftence  and  brilliancy  for  fome  time,  when 
applied  upon  a  cork ;  yet  that  it  Ihould  prevent  the  flefh  ol  the 
herring  and  the  mackerel  from  becoming  luminous,  and  alfo 
extinguilk  the  light  proceeding  from  rotten  wood. 


The 
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§  4 

I  he  Ejfletls  of  hidrogai  Gas  or  inflammable  Air *  on  fpontaneous 

Light. 

experiments: 

Hidrogen  gas  Experiment  I.  At  9  I5.  M.  a  piece  of  frefli  herring,  weighing 
the ^ prod on  a^ou^  three  drams,  was  introduced  above  water,  into  hidrogci* 
o»  light.  gas.  It  was  retained  therein  three  days  and  three  nights, 

without  emitting  any  light.  I(  was  then  taken  out,  and  expoled 
to  the  action  of  atmofpherical  air.  On  the  following  night  it 
was  found  to  be  luminous ;  but  was  dark  again  on  the  next 
night. 

Exp.  2.  Another  piece  of  frefh  herring  was  put  above 
water,  at  6  P.  3VJ.  This  was  alfo  kept  in  the  gas  the  fame 
length  of  time,  without  producing  anv  light.  It  was  then  ex¬ 
poled  to  the  open  air,  and  inlpetted  two  iucccflive  nights,  but 
it  remained  dark. 

Exp.  3.  The  fame  experiment  was  then  made  with  a  piece 
of  mackerel,  which  was  taken  out  on  the  fourth  night,  without 
producing  any  fliining  appearance.  The  next  evening,  it 
emitted  a  very  faint  light,  which  did  not  continue  twenty-four 
hours. 

but  ettinguifhes  Exp.  4.  A  cork,  brilliantly  illuminated  with  mackerel-light, 
(titli)  was  introduced  above  water  ;  and  the  light  was  extinguifhed 
in  about  the  fpace  of  an  hour. 

Exp.  5.  At  39  minutes  pail  9  P.  M.  another  luminous  cork 
was  put  above  water  ;  it  loft  lome  of  its  light  pretty  foon,  but 
was  not  extinct  at  twelve. 

Exp.  6.  A  cork,  with  herring-light,  was  introduced  above 
water,  at  23  minutes  paft  6  P.  M.  The  light  gradually  dimi- 
Rifhed,  and  was  only  faintly  vifible  at  eleven. 

Exp.  7.  A  fragment  of  very  fliining  wood  was  put  above 
water,  at  9  P.  M.  and  was  dark  at  eleven. 

Common  air  Exp.  8.  Another  fragment  was  put  above  water,  at  40  mi- 

argain  revives  it.  nuf-eS  paft  g  p.  M.  at  50  the  light  was  much  diminifhed,  and 
at  8  minutes  paft  9  the  fliining  ceafed.  The  wood  was  then 
taken  out,  and  expoled  to  the  open  air,  when  the  light  revived 
in  a  very  beautiful  manner. 

*This  gas  was  obtained  from  zinc  and  diluted  fulphuricacid* 
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Exp.  9.  A  piece  of  uncommonly  fhining  Wood  was  intro-  Repetition  of 
dueed  above  water,  at  58  minutes  pad  8  P.  M.  it  remained  cxtIj??10.n  and 
tor  a  Ihort  time  very  luminous,  but  at  25  minutes  paft  9  the  (Wood) 
light  was  greatly  diminilhed  ;  at  20  pad  10  it  was  nearly  extin¬ 
guished  ;  and  at  29  pad  10  was  quite  dark.  It  was  then 
expofed  to  atmofpheric  atr,  and  the  light  revived  very 
brightly. 

Exp.  1 0.  The  fame  experiment  was  repeated,  at  35  minutes 
pad  8  1’.  M.  the  diining  property  was  much  diminilhed  at  9 ; 
and  at  10  it  was  very  faint.  The  next  evening,  it  continued 
merely  vidble.  The  wood  was  now  taken  out,  and  the  light 
foon  revived  very  drongly.  The  following  night,  it  was  dill 
moderately  lucid  ;  but  on  the  next  evening  nearly  extinct. 

Exp.  II.  Finding,  by  the  above  experiments,  that  the  light 
of  diining  wood  was  extinguidied  by  this  fpecies  of  gas,  and 
redored  by  atmofpheric  air,  the  following  three  trials  were 
made,  to  difcover,  in  fome  degree,  how  long  its  light  might 
be  kept  in  a  latent  date,  and  then  be  revived.  At  9  P.  M. 
feveral  fragments  of  diining  wood,  tied  up  in  a  piece  of  gauze, 
were  introduced  above  water,  into  the  hidrogen  gas,  and  the 
light  was  gradually  extinguidied  during  that  evening.  They 
were  kept  there  in  that  dark  date  48  hours,  were  then  taken  Extra&ion  for 
out,  and  expofed  to  the  open  air,  when,  after  a  little  time,  48  hours* 
the  light  re-appeared. 

Exp.  12.  O11  the  2d  of  October,  another  fragment  of  ex*  Three  repetitions 
ceedingly  diining  wood,  two  inches  and  a  half  long,  and  pretty  ^nd  renovation, 
thick,  was  put  above  water  in  the  evening,  and  its  light  was 
gradually  extinguidied.  On  the  fecond  night,  it  was  taken  out 
perfectly  dark,  but  its  light  recovered  by  degrees,  and  became 
brilliant.  It  was  introduced  again,  that  evening,  into  the  fame 
gas,  and  its  light  difappeared.  On  the  third  night,  it  was  again 
expofed  to  the  open  air,  and  the  light  revived  as  before.  It  was 
then  reinftated  and  extinguidied,  and  continued  in  a  dark  Hate, 
from  the  third  to  the  fifth  night,  when,  being  again  taken  out, 
it  loon  (hone  in  a  pretty  vivid  manner.  It  was  again  intro¬ 
duced  and  extinguidied  as  ulual ;  and  no  obfervation  wasmade 
of  it,  from  fome  accidental  circumdance  or  other,  until  the  10th 
of  November  in  the  evening,  when  it  was  taken  out,  and  ex¬ 
pofed  to  the  open  air  for  a  length  of  time,  but  the  light  did  not 
revive. 

Exp „ 
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No  renovation 
after  a  week 


Three  extinc¬ 
tions  and  reno¬ 
vations  of  a 
glow-worm 


Exp.  13.  A  third  fragment,  fome what  larger  than  the  for¬ 
mer,  and  equally  luminous,  was  put  above  water,  at  the  fame 
time  as  the  one  in  the  laft  experiment,  where  it  was  foon  de¬ 
prived  ot  its  light.  It  was  retained  there,  in  a  dark  ftate,  from 
the  2d  of  October  till  the  l  Oth  of  November  ;  it  was  then  taken 
out,  and  expofed  to  the  action  of  atmofpherical  air,  for  feveral 
days,  but  there  was  no  return  of  light. 

Exp.  14.  About  7  P.  M.  a  thining  dead  glow-worm  was 
introduced  above  water  into  the  gas,  and  its  light  was  foon 
extinft.  It  was  then  expofed  to  the  open  air,  where,  in  a 
very  fliort  time,  it  (hone  as  brightly  as  before. 

Exp.  15.  At  half  an  hour  pad  9  P.  M.  the  fame  glow-worm 
was  again  introduced  above  water;  when  its  light  in  a  fliort 
time  difappeared.  It  was  taken  Out  for  expofure  to  common 
air  at  1 1,  and  its  glowing  property  was  immediately  reflored. 
It  was  again  replaced  in  the  gas,  where  it  loon  lod  all  its  light 
a  fecond  time,  and  was  kept  in  that  dark  flate  for  24  hours ; 
when  taken  out,  it  continued  dark  for  a  little  time,  and  then 
the  infedt  gradually  recovered  its  pridine  fplendour. 


OBSERVATION. 

From  thefe  experiments  we  learn,  that  hidrogen  gas,  in 
general,  prevents  the  emidion  of  fpontaneous  light,  and  alfo 
extinguidies  it  when  emitted  ;  but,  at  the  (amc  time,  it  does 
not  hinder  its  quick  revival,  when  the  fubjed  of  the  experiment 
is  again  expofed  to  the  a6tion  of  atmofpherical  air  ;  although 
the  light  may  have  been  a  confiderable  time  in  an  extinguidi- 
ed  date. 


[To  be  concluded  in  our  next.} 
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VIII. 


Caution  againjl  the  great  Danger  of  keeping  Phofphorus  in  Bottles 

•without particular  Caution .  By  Descrozilles  the  Elder  f 

I  have  narrowly  efcaped  falling  a  vi6lim  to  an  accident  oc-  Dangerous 
cafioned  by  the  effect  of  the  frofl  upon  a  bottle,  which  con-  acchient  of  fire 

,,  r  ,  r  •  1  •/>  from  phofphorus. 

tamed  a  hectogramme  ot  phoiphorus,  with  a  quantity  ot  water 
fufficient  for  covering  this  highly  inflamable  fubflance.  This 
morning,  before  day-light,  fome  books  and  a  chefl  fuddenly 
caught  fire  in  the  apartment  in  which  I  lay,  and  which  is  not 
occupied  during  the  night.  It  was  (till  fortunate  that  the- 
two  hours  of  my  accuflomed  deep  were  long  tince  elapfed. 

Some  feconds  later,  I  fhould  have  been  fuffocated  by  the  dele¬ 
terious  vapours  of  the  phofphoric  acid.  Quickly  gaining  the 
door,  I  called  for  afliflance,  and  we  fucceeded  in  extinguifhing 
the  fire  before  it  had  made  any  progrefs. 

According  to  all  appearance,  the  frofl  which  had  taken  place  How  It  happen- 
fome  days  before  in  this  piece,  had  caufed  the  bottle  to  break  ; 
but  it  was  furrounded  with  paper,  which  prevented  its  falling 
to  pieces.  By  this  means,  in  proportion  as  the  water  ran  off 
by  the  effedt  of  the  thaw,  the  bundle  of  phofphorus,  expofed  to 
the  atmofpheric  air,  was  fituated  under  circumflances  the  mod 
favourable  to  ignition.  The  tides  of  the  bottle  performed  the 
office  of  a  fmall  furnace,  in  which  the  cylinders  of  the  combuf- 
tible  were  propped  againfl  one  another.  Soon  the  gradual 
combuflion  which  produces  phofphorus  acid  was  fucceeded 
by  the  rapid  deflagration,  the  refult  of  which  is  phofphoric  acid. 

Independently  of  the  effedls  of  frofl  and  of  blows,  a  bottle  Other  cautions, 
frequently  breaks  without  any  apparent  caufe,  and  as  it  were 
fpontaneoufly  :  It  appears  therefore  to  me,  that  in  order  to  ob¬ 
viate  an  inconvenience  which  in  fome  cafes  may  prove  very 
ferious,  the  befi  means  would  be  to  ufe  cafes  of  copper,  flrong- 
ly  foldered,  and  lined  internally  with  paper  or  bran,  for  in- 
clofing  the  bottles  filled  with  phofphorus  and  water.  Cafes 
of  tinned  iron  would  be  deflroyed  much  fooner  by  oxidation, 
and  their  foldering  would  be  fufceptible  of  detaching  itfeif  by 
the  effect  of  a  moderate  heat. 

Finally,  it  appears  to  me  that  this  report  ought  to  be  as  pub¬ 
lic  as  pollible. 


T  In  «  letter  to  the  Editors  of  the  Annales  <ls  Chimie,  No.  1  *3. 
t  IX.  IS 
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ON  THli  DOCTRINE  OF  PHLOGISTON. 


IX. 


Ohfervations  in  An  fixer  to  Dr.  Priestley's  Memoir  in  T)t« 
fence  of  the  Doctrine  of  Phlogifon  *.  In  a  Letter  from  Mr. 
Willi  am  Cruickshank. 

To  Mr.  NICHOLSON. 


SIR, 


IVooliL'ich,  March  2 2,  { 802. 


Oblcrvations  of 
Dr.  Prieftly, 
that  metallic 
calces  contain 
little  addition 
except  water. 


But  when  re¬ 
duced  by  mere 
heat  they  afford 
pure  oxigen, 
very  neaily  equal 
to  their  lols  of 
weight,  and  no 
water. 


If  calces  contain 
water  only,  then 
charcoal  mull 
produce  the  fame 


In  your  Journal  piiblifhed  the  1  ft  of  this  month,  I  find  a  letter 
from  Dr.  Prieftley,  in  which  lie  (till  defends  the  old  doctrine  of 
phlogifion,  but  with  very  little  fuccefs ;  for  having  additional 
difficulties  to  firugglc  with,  he  has  been  under  the  rveceffity  of 
adopting  new,  and  fometimes  contradictory  opinions,  in  his 
explanations  and  defence;  For  example,  it  is  now  his  opinion 
that  all  metallic  calces  contain  water  and  little  or  nothing  elfe; 
and  that  charcoal,  uniting  with  water,  forms  both  fixed  and  in¬ 
flammable  air ;  for  as  this  fubftance  contains  the  elements  of 
both  kinds,  nothing  but  water  is  wanted  to  enable  them  to  take 
the  form  of  air.  It  is  almoft  impoffible  to  argue  againft  fuch 
ftrange  luppolitious  and  loofe  reafonings  as  tliefe.  However, 
let  us  fuppofe  water  to  be  the  only  fubftance  contained  in  ox¬ 
ides  ;  if  fo,  heat  alone  ought  to  revive  at  lead  fome  of  them, 
and  in  tnis  cafe  nothing  but  water  fliould  be  feparated.  Now 
that  heat  alone  revives  fevcral,  particularly  thofe  of  mercury 
and  the  perfedt  metals,  is  a  fact  fufficiently  afeertained  ;  but, 
inftead  of  water,  we  obtain  the  pureft  oxigen  gas,  the  quantity 
of  which  added  to  the  revived  metal,  amounts,  as  nearly  as 
poffible,  to  the  weight  of  the  original  oxide  ;  even  from  the  ore 
of  manganefo,  fo  difficult  to  reduce,  a  prodigious  quantity  of 
the  pureft  oxigen  gas  may  be  procured  by  a  moderate  heat ; 
and  when  the  oxide  lias  been  previoufly  reduced  to  powder 
and  well  dried,  by  a  heat  nearly  red,  no  water  whatever  can  be 
perceived  :  in  this  cafe,  too,  the  quantity  of  the  oxigen  gas  dif- 
engaged,  will  be  found  to  corrsfpond  very  nearly  with  the  lofc 
of  weight  in  the  oxide. 

How  is  it  poffible,  then,  that  tliefe  phenomena  can  be  ex¬ 
plained  on  the  fuppofition,  “  That  all  the  calces  contain  little 
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4t  or  nothing  elfe  but  water?”  when  not  a  particle  of  water  thing  by  heat 

is  to  be  feen  during  the  revival,  or  partial  revival,  of  the  me-  Wlth  caIx  as  Wltil 

.  .  -  r  water  j 

tals  from  their  oxides  in  clofe  veffels.  Let  us,  however,  con- 
fider  this  fuppofttion  in  another  point  of  view  ;  which  is,  that 
if  water  only  were  contained  in  thefe  oxides,  then  the  gas  ob¬ 
tained  from  a  mixture  of  them  and  charcoal,  fliould  be  the  very 
fame  as  that  procured  from  moiftened  charcoal ;  but  the  con-  contrary  to 
trary  of  this  I  have  clearly  proved  to  be  the  cafe  (fee  Phil. 

Journal,  vol.  v.  quarto,  p.  6.) ;  and  this  was  one  of  the  princi¬ 
pal  faults  which  led  to  the  difcovery  of  the  gafeous  oxide. 

I  fhall  here  juft  enumerate  a  few  of  the  properties  by  which  Enumeration  of 
thefe  gafes  may  be  readily  diftinguifhed,  being  deduced  from  a  cific  grav-lt’  0y 
number  of  experiments,  often  repeated  with  uniform  refill ts.  gafeous  oxide  of 
Firft,  then,  the  fpecific  gravity  of  the  gafeous  oxide  of  carbon  that  of  hydro- 
is  no  lefs  than  double  that  of  the  gas  obtained  from  moiftened  carbonate: 
charcoal,  being  as  30  to  14.5.  Secondly,  The  proportion  of  faturating  oxigen 
oxigen  neceftary  to  faturate  the  gafeous  oxide,  is  to  that  re-  very  1  L  en  ’ 
quired  by  the  hydrocarbonate  as  15  to  44.8,  or  1  to  3,  nearly 
eftimating  by  quantity.  And,  thirdly,  which  is  the  moft  dif-  and  products  of 
tinguifliing  property  of  the  whole,  the  fame  quantity  of  oxigen,  ^kTike^or 
fuppofe  14  parts,  which,  when  combined  with  the  gafeous  ox-  tions  of  oxigen. 
ide  of  carbon,  produces  from  36  to  44  parts  of  carbonic  acid 
(according  to  the  purity  of  the  oxide),  will,  w  hen  combined  to 
taturation  with  the  hydrocarbonate,  produce  only  12  parts  of 
the  fame  acid,  accompanied,  however,  with  much  water,  pro¬ 
ceeding  in  part  from  the  hidrogen  in  the  charcoal,  of  which  all 
common  charcoal,  it  would  appear,  contain  a  certain  propor¬ 
tion  (fee  P.  Jour.  No.  55.  p.  210  and  211,  and  alfo  the  Table 
of  Analyfis,  &c.  p.  8.  No.  59.)  Surely  gafes  having  proper¬ 
ties  fo  effentially  different,  can  never  be  confidered  as  the  fame. 

Dr.  Prieftley  remarks,  that  there  is  a  confiderable  difference  Differences  in 

in  the  qualities  of  heavy  inflammable  air,  depending  not  only  ^eavJ  inAarn- 
.  *  n  ,  ,  ,  ...  ,  n  -1  V.mable  air  noticed 

on  the  lubltance  employed,  but  alio  on  the  ltages  or  periods  of  by  Dr.  Prieftley, 

the  procefs  itfelf*.  Now  I  have  found  that  thefe  variations 

never  take  place  in  any  remarkable  degree  but  when  charcoal  are  found  only 

is  employed  in  fome  form,  and  that  even  then  the  differences  wlLn  c^arcoa‘ JS 

chiefly  depend  upon  the  impeded  ftate  of  (he  charcoal ;  for  if  and  more  or  lefs 

good  charcoal  be  expofed  to  a  red  heat  in  clofe  veffels  during  ,napure; 

10  or  15  minutes,  and  then  mixed  whilft  hot  with  the  fubftance 


P.  Journ.  No.  3.  (Oft.)  p.  183. 
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the  hydrocarbo 
nates  are  much 
lighter  than  the 
gafeous  oxide, 
and  they  afford 
water  by  com- 
buftion  withox- 
igen. 

Erroneous  quo¬ 
tation  and  re¬ 
marks. 


to  be  employed,  likcwife  hot  and  completely  dried,  the  varia-* 
tions  in  the  qualities  of  the  gafes  will  be  much  Iefs,  the  princi¬ 
pal  difference  depending  upon  the  proportions  of  the  carbonic 
acid  and  the  inflammable  gafes;  but  the  gafes  from  pure  char¬ 
coal,  either  alone  or  moiftened,  never  have  any  of  the  diftin- 
guifhing  characters  of  the  gafeous  oxide,  being  always  much 
lighter,  yielding  bulk  for  bulk  when  faturated  with  oxigen,  not 
more  than  one-third  of  the  carbonic  acid  gas  afforded  by  the 
-other.  What,  however,  diftinguifhes  them  Hill  more  com¬ 
pletely,  is  the  large  proportion  of  water  generated  by  the 
combuflion  of  the  hydrocarbonate  in  oxigen  gas ;  for  the  gaf¬ 
eous  oxide  when  pure,  or  burned  under  the  fame  circum- 
.  fiances,  never  produces  the  leaf!  fenfible  quantity  of  this  fluid. 

In  mentioning  the  circum fiances  of  the  production  of  the 
gafeous  oxide  of  carbon  from  the  metallic  calces  and  charcoal, 
&c.  Dr.  Prieflley  has  fomehow  mis-flated  both  the  meaning 
and  words  in  wdiat  he  calls  a  quotation  from  the  firft  paper  ; 
this  paffage  in  his  letter  is  as  follows  (fee  p.  182.)  :  “  After 
“  repeating  my  experiment,  which  he  found  to  be  juft,  Mr. 
“  Cruickfliank  did  the  fame  with  the  calces  of  the  other  ine- 
<f  tals,  as  zinc,  copper,  &c.”  and  then  concludes  (p.  4.)  “  that 
“  in  all  thefc  cafes  the  air  mu  ft  come  from  the  partial  decompo- 
“  fition  of  the  carbonic  acid  by  the  calx ,  token  raifed  to  a  high 
“  temperature Then  the  Dr.  goes  on  and  adds  :  “  Hut  the 
"  inference  that  I  think  is  more  naturally  drawn  from  them  is, 
“  that  all  thefe  calces  contain  much  w'ater,  and  little  or  no- 
“  thing  elfe,”  Now  the  paflage  from  which  this  quotation 
appears  to  have  been  taken  (for  there  is  nothing  in  p.  4.  ex¬ 
actly  fimilar  to  it),  does  not  follow  the  account  of  the  experi¬ 
ments  writh  the  calces  of  the  metals,  &c.  but  is  an  inference 
drawn  from  the  firft  experiments  made  with  the  carbonates 
and  the  iron  feales.  I  fliall  infert  this  paflage,  and  leave  the 
philofophical  reader  to  judge  for  himfelf  of  the  accuracy  of  the 
flatement  and  the  juftnefs  of  the  conclufion.  “  Conceiving 
that  in  thefe  experiments*  the  gafeous  oxide  muft  proceed 
“  from  the  partial  deeompofltion  of  the  carbonic  acid  by  the 
**  iron  when  raifed  to  a  high  temperature,  I  thought  I  fhould 
**  fucceed  better  by  employing  iron  filings  in  place  of  the  grey 

*  Aliuding  to  thefe  made  with  the  caibonate  of  barytes  and  iron 
feales,  or  imperfeft  grey  oxide. 

4 


“  oxide. 
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Cv  oxide,  as  thefe  would  have  a  greater  affinity  for  oxigen.” 
from  the  above  flatement  the  mifreprefentation  both  of  the 
explanation  and  words  muft  be  manifeft,  and  the  infertion  of 
the  word  all  is  curious  enough.  (Effay  on  Gafcous  Oxide,  &e. 

Philos.  Journal,  vol.  v.  quarto,  p.  4.)  , 

In  the  experiments  made  with  the  mixtures  of  carbonate  of  Filings  and  chalk 
lime  dried  as  much  as  poffible  and  metallic  filings,  the  Dr.  Ptieftley 

conceives  that  the  gas  muff  have  been  produced  by  the  water  to  afford  a  gas 
which,  ffill  remaining  in  the  carbonate,  had  united  with  the  phi^ffon'and 
phlogifton  of  the  metal,  and  patfed  over  in  the  form  of  inflam-  water, 
mable  gas,  mixed  with  the  fixed  air  feparated  from  the  chalk. 

If  the  inflammable  gafes  were  produced  in  thefe  cafes  by  the  if'fo,  the  gas 
water  feparating  from  the  earth,  and  pafling  over  the  red-hot  °ught t0  be  the 

.  r  ®  1  ,  ,  ,  ,  .  fame  as  with 

metal  in  the  form  of  fleam,  then  they  fhould  be  the  very  lame  filings  and  water -9 

as  that  obtained  by  palling  the  vapour  of  water  through  a  red- 
hot  iron  tube ;  but  it  is  well  known,  the  gafes  thus  produced 
are  fo  far  from  being  the  fame,  that  they  are  extremely  differ¬ 
ent  in  all  their  properties  ;  for  the  hidrogen,  or  light  inflam- but  this  is  the ^ 
mable  air,  produced  by  the  decompofition  of  the  water  in  fluidsf  anAfrms 
palling  through  the  tube,  is  the  lighted:  of  all  aeriform  fluids,  'water  by  com- 
and,  when  combined  with  oxigen,  there  is  not  the  lead:  ap-  bufl:Jon  > 
pearance  of  carbonic  acid,  and  nothing  formed  but  water.  On  whereas  the  ga- 
the  contrary,  the  gafeous  oxide  procured  by  heat  from  a  mix-  [h^heavieft'in 
ture  of  the  dried:  earthy  carbonates  with  metallic  dlings,  is  the  flammable  gas, 
heavieft  of  all  known  inflammable  gafes,  and  when  united  with  ^ncl^Produces^ 
oxigen,  produces  nothing  but  carbonic  acid,  there  not  being  combuftion, 
the  lead  appearance  of  water.  It  is  impollible,  therefore,  that no  water* 
thefe  heavy  inflammable  gale-s  fhould  be  produced  by  water 
alone,  in  any  fiate,  a<5ting  upon  pure  metals ;  for  the  gafes  ob¬ 
tained  from  the  decompofition  of  this  fluid,  whether  from  the 
folution  of  metals  in  dilute  acids,  or  from  their  adlion  on  its 
vapour  when  raifed  to  a  red  heat,  are  always  of  the  fame  na¬ 
ture,  being  pure  hidrogenous  gas. 

Dr.  Prieftley  obferves,  that  before  I  admitted  that  the  iron  Recapitulation 

or  its  calx,  raifed  to  a  high  temperature,  could  decompofe  the  the  exPerT 

°  .  r  r  ment  wherem 

carbonic  acid  in  this  experiment,  I  ihould  have  tried  whether  carbonic  acid  gas 

It  would  do  it  in  any  other.  This  remark  clearly  proves  that  Pfrie<J®ver  Jg* 

r  ir  .  „  .  r  .  .  o  .  nJted  uon  gave 

he  had  not  leen  the  lecond  ellay  on  the  galeous  oxide,  &c.  m  oxigen  to  the 

your  Journal  for  the  month  of  Auguil,  in  which  a  procefs  is  .m^etal»  and  was 

deferibed,  where  this  acid  is  decompofed,  even  in  its  gafeous  int0  cai.j,"onic  ox. 

form,  by  paffing  it  repeatedly  through  a  red-hot  iron  tube  filled  ide. 

in 
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in  the  middle  with  iron  wire.  Bladders  filled  with  this  gas 
were  attached,  by  fiopcocks,  to  the  extremities  of  the  tube. 
After  the  middle  of  the  tube,  placed  in  a  furnace,  had  been 
made  red  hot,  the  gas  was  repeatedly  pafied,  and  very  (lowly, 
from  one  bladder  to  the  other.  During  this  paffage  it  was  ex- 
pofed  to  a  very  extend ve  furface  of  red-hot  iron  ;  and  in  one 
of  the  laft  experiments  made  in  this  manner,  alter  forcing  the 
gas  through  the  tube  backwards  and  forwards  30  times,  four 
parts  in  five  of  the  carbonic  acid  gas  was  converted  into  ga- 
ieous  oxide:  the  gas  upon  the  whole  was  a  little  diminifhed. 
The  iron  wires,  after  the  operation,  were  covered  with  the 
fame  lhining  cruft  as  if  the  fteam  of  water  had  palled  over 
them  ;  and  in  fadt  they  were  oxidated  or  calcined  to  a  certain 
extent,  in  confequence  of  feizing  from  the  carbonic  acid  a 
proportion  of  its  oxigen  fuffievent  to  convert  it  inLo  the  inter¬ 
mediate  date  of  an  oxide  *. 

Dr.  T\  could  not  The  method  by  which  Dr.  Prieftley  attempted  to  decom- 
dccompofcca.-  p0fe  carborfic  acid  gas,  by  heating:  pieces  of  iron  with  a 
burning glafs  lens  placed  in  it,  could  not  poliibly  have  iucceeded,  at  lean  to 

v/ithjron,  be-  any  fenfible  degree  ;  for  the  heated  air  when  left  at  liberty  to 

of  ignited  furface  a'Cend,  would  not  remain  m  contact:  with  it,  nor  even  near  it, 
was  inefficient,  for  a  moment :  thus  every  portion  of  air,  being  unconfined, 
would  expand  prodigioufly,  to  that  very  little  of  it  could  come 
or  remain  in  contact  with  the  heated  metal.  In  the  experiment 
above  related,  the  gas  was  computed  to  pafs  feveral  times  over 
a  furface  of  red-hot  iron  of  fome  extent ;  yet,  notwithftanding 
this,  a  confiderable  time  was  required  to  produce  any  remark¬ 
able  decompofition  in  the  acid  ;  a  circumfiance  which  proves 
that,  in  the  method  employed  by  Dr.  Prieftley,  no  fenfible  de- 
Simpler  method  competition  could  have  been  produced.  There  is  like  wife, 
of  decompofmg  jn  my  fecond  Etfay,  another  method  ftill  fimpler  for  decom- 
pofing  the  carbonic  acid  in  its  gafeous  ftate  f.  All  the  oxid- 
ible  metals  are,  when  raifed  to  a  high  temperature,  capable  of 
decompofing  it  more  or  lefs ;  but  zinc  is  by  far  the  moft 
powerful,  owing  no  doubt  to  its  greater  affinity  to  oxigen. 
Dr.  Prieftley  atks,  if,  in  the  experiment  with  the  finery  cinder 
and  charcoal,  the  oxigen  to  form  the  carbonic  acid  fhould  come 
fr^m  fin'eTyVm-  ^rom  how  is  it  to  be  expelled,  as  heat  alone  will  not 

and*theattrac-  *  For  the  particulars  of  this  experiment,  and  the  mode  of  con- 
tionof  charcoal  during  it,  fee  this  Journal,  quarto  f.  No.  55.  p.  209. 

^yi  f  No.  55.  p.  209. 

do 


carbonic  acid 
gas 


Though  mere 
heat  does  not 
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do  it,  &c.  &c.  ?  But  here  he  has  forgotten  that  the  affinities  of 
bodies  are  remarkably  varied  by  change  of  temperature,  and 
that,  in  all  reductions  of  metallic  oxides,  the  carbon  of  the  as  it  does  in  all 
charcoal,  when  railed  .to  a  high  temperature,.  unites  with  the  rcciuttli'ns* 
oxigen  of  the  calx  in  confequence  of  increafed  affinity,  and 
forms  with  it  carbonic  acid  gas  and  gafeous  oxide.  That  this  Red  oxides  of 
is  the  cafe  is  remarkably  proved  by  diftilling  the  red  oxides  ol  "ftbrd * cih bouic** 
mercury  and  lead  with  charcoal ;  for  thefe  oxides  we  know  acid  and  oxide, 
contain  a  large  proportion  of  oxigen,  which  may  be  feparated  ^"^uinftances 
by  heat  alone,  but  when  heated  with  charcoal,  nothing  but  ments.  ^ 
carbonic  acid  and  gaieous  oxide  come  over,  becaufe,  in  this 
cafe,  the  whole  of  the  oxigen  being  in  its  nafeent  hate,  com-  ' 
bines,  even  at  a  low  temperature,  with  the  charcoal,  andpaftes 
over  in  the  form  of  carbonic  acid  gas  mixed  with  the  gafeous 
oxide.  There  are  fome  circumftances  accompanying  the  dif-  Dedu&ions. 
tillation  of  charcoal  with  thefe  metallic  oxides,  which  areeafily 
reduced,  and  at  low  temperatures,  not  altogether  uninftructive, 
and,  in  my  opinion,  unanfvverable  by  the  fupporters  of  phlo- 
gifton.  In  thefe  procelfes  the  proportion  of  gafeous  oxide  to 
carbonic  acid  gas  is  but  fmall,  being  in  general  about  one-third 
or  one-fifth  of  the  whole,  and  for  the  mod  part  ft  obtained  juft 
before  or  at  the  time  the  mixture  becomes  red  :  It  is  always 
accompanied  with  a  torrent  of  carbonic  acid  gas.  At  the  in- 
ftant  the  metal  is  revived^  the  gas  either  ceafes  entirely,  or 
comes  over  very  ftowly  ;  but  on  increaftng  the  heat,  it  again 
makes  its  appearance,  and  is  now  fo  far  from  containing  ga¬ 
feous  oxide,  that  it  is  peculiarly  light,  not  mixed  with  any  fen- 
fthle  quantity  of  carbonic  acid  gas,  and  yields,  when  faturated 
with  oxigen,  but  a  very  fmall  proportion  of  this  acid  gas. 

The  following  faCts  may  be  drawn  from  thefe  experiments  : 

Firft,  It  would  appear  that  a  much  greater  degree  of  heat  is 
neceftary  for  the  proper  production  of  the  gafeous  oxide  than 
for  the  carbonic  acid.  Secondly,  That  oxigen,  in  its  nafeent 
ftate,  may  unite  with  carbon  at  left  than  a  red  heat,  and  form 
carbonic  acid  ;  as  is  clearly  proved  by  the  procefs  with  the  red 
oxide  of  mercury  and  charcoal.  The  gaieous  oxide  appears 
likewife  to  be  produced  at  a  very  low  heat. 

I  have  now  taken  a  view  of  all  the  arguments  which  Dr.  Conclufion. 
Prieftley  has  brought  forward  in  defence  of  his  former  opinions, 
but  (hall  at  prefent  make  no  further  obfervation  on  this  iubjeCt, 
leaving  the  argument  and  fact  to  be  decided  by  your  philosophi¬ 
cal  and  chemical  readers. — I  am,  SIR,  &c. 


X.  AT 
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X. 


On  the  new  Planet  Ceres. 
To  Mr.  NICHOLSON. 


S  I  R, 


Parfbn’s  Green,  April  3,  1802. 


Thr  fubje&  re¬ 
fumed. 


Discovery  of  a 
method  of  de¬ 
ducing  the  great- 
eft  equation  from 
the  eccentricity. 


Tabulated  num¬ 
bers  to  fhew  its 
correfpondence 
in  all  theplauets. 


At  the  conclufion  of  the  memoir  concerning  the  new  planet 
Ceres,  which  you  did  me  the  honour  to  publifn  in  your  lall 
number  of  the  Philosophical  Journal,  a  want  of  leifure,  and  the 
length  of  the  communication,  were  alledged  as  reafons  tor  my 
not  concluding,  at  that  time,  the  whole  of  the  obfervations 
which  I  had  to  offer  on  the  fubjedt :  I  beg  leave,  therefore, 
now  to  refume  the  examination  and  detail  of  thofe  particulars 
which  remain  yet  to  be  treated  of. 

About  four  years  ago,  when  I  was  inventing  a  mechanical 
contrivance,  by  which  the  equation  of  the  center  and  true 
diftance  of  a  planet,  or  any  number  of  planets,  might  be  ex¬ 
hibited  in  an  orrery,  I  difeovered  that  the  natural  fine  of  half 
the  greateft  equation  of  any  planet,  is  equal ,  or  very  nearly  equal , 
to  the  decimal  figures  which  reprefent  the  value  of  a  vulgar  frac¬ 
tion ,  compofed  of  the  eccentricity  and  mean  diftance  of  that  planet  : 
For  inftance,  if  we  take  the  mean  didance  of  the  earth  from 
the  fun  at  100000,  and  the  eccentricity,  according  to  La- 
Iande,  at  1681,395,  the  fradfion  VoVcilL  converted  into  a 
decimal  expreffion  of  the  fame  value,  is  01681395;  and, 
omitting  the  decimal  point  and  three  lad  figures,  we  (hall  have 
016S1  for  the  natural  fine  of  0°  57'  47,6",  which  arc  differs 
only  about  half  afecond  from  one  half  of  the  greated  equation, 
as  given  in  the  tables  of  the  third  edition  of  Lalande’s  Aftro- 
nomy. 

The  procefs,  in  the  form  of  an  analogy,  will  be  thus :  As 
the  mean  didance  :  is  to  unity  ::  fo  is  the  eccentricity  :  to  the 
natural  fine  of  ^  the  greated  equation. 

This  analogy  will  apply  to  all  the  other  planets,  as  may  be 
feen  in  the  fubjoined  table,  which  I  have  calculated  from  the 
mean  didances  and  eccentricities  given  in  Lalande’s  Adro- 
nomy,  and  copied  by  Mr.  Vince,  except  in  the  indance  of 
Ceres,  the  data  of  which  planet  are  taken  from  the  elements 
of  Gaufs, 
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Planets. 

Vulgar  Frac- 

Decimals,  01 

Correfpondent 

Half  the  greatefl 

tions. 

Nat.  Sines. 

Arcs. 

Equation,  1750. 

0 

/ 

// 

0 

/ 

// 

Mercury 

7.9  5  5,4 

3  8  7  1  0 

,20551 

11 

51 

34,9 

1  1 

50 

0 

Venus 

49  8 

7TT 3  3 

,00688 

0 

23 

38,3 

0 

23 

40 

Earth 

I  6  8  1,3  9  s 

i o  oo  6  o 

,01681 

0 

57 

47,6 

0 

57 

CM 

•N 

CC 

■'■f* 

Mars 

14183,7 
TTaT  39,zT 

,09308 

5 

20 

26,9 

5 

20 

20 

Ceres 

8  2  S  O 

2  TS  7  3o 

,02981 

I 

42 

28,96 

Jupiter 

250137 

,04807 

2 

45 

18,6 

2 

45 

19,15 

52037 

Saturn 

5  3  640,42 
95407  2,4 

,05622 

3 

13 

22,7 

3 

13 

21 

Georgian 

90804 
n?  1  STTT 

,04733 

2 

42 

45,5 

2 

43 

38 

In  this  table  the  greateft  difference  between  the  arcs  con-  Remark  con¬ 
tained  in  the  fame  line  of  the  two  laft  columns,  is  that  in  the  ^Lrn'nS  mer" 
line  of  Mercury  ;  but  it  may  be  worthy  of  remark,  that  half  the 
greatefl  equation  of  this  planet,  according  to  Dr.  Halley’s 
tables,  is  11°  5  V  IS'';  and  alfo  that  Lalande  himfelf  made  a 
new  determination  of  the  elements  of  Mercury’s  orbit,  as  re¬ 
lated  in  the  “  Memoires  de  l’lnftitute  Nationale  ”  of  Paris 
for  the  “  fourth  year  of  the  Republic  j”  in  which  the  grand 
equation  is  given  23°  40'  45". 

Here,  then,  it  appears,  that  the  greatefl  equation  of  the  Hence  the  great- 

new  planet  Ceres,  which  correfponds  to  the  eccentricity  af~  cLel^as^af  ^ 

figned  by  Gauls,  and  copied  into  the  different  Journals,  is  figned,  does  not 

about  3°  25',  inftead  of  9°  27'  41":  fo  that,  as  I  hinted  be- forrefPond  with 
r  *ii  .  .  its  eccentricity* 

tore,  either  the  eccentricity  is  almoft  two  thirds  too  little,  or 

the  greatefl  equation  almofl  two  thirds  too  much.  I  mean  not 
at  prefent  to  enter  into  a  geometrical  demonftration  of  the 
analogy  which  I  have  ufed  in  procuring  the  above  tabulated 
refults ;  but  leave  it  to  exereife  the  ingenuity  of  your  mathe¬ 
matical  readers,  foine  of  whom  will  probably  be  induced  fo 
favour  you  and  the  public  with  a  demonftration,  as  a  feparate 
article.  I  wi  11,  however,  juft  prove  to  the  reader  the  accu- Proof  of  the  ac- 
racy  of  the  inference  I  have  made  with  refpeft  to  Ceres,  by  of  this 
means  of  the  elliptic  hypothefis  of  Ward,  which  is  generally  eommitation  on 
allowed  to  be  a  convenient  approximation  to  be  ufed  for  the  elliptic  hy- 
finding  the  equation  of  a  planet,  inftead  of  either  the  direH  or  Wardf3 
tentative  methods,  which  are  more  accurate,  but  much  more 
intricate. 
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By  the  elliptic  hypothecs,  the  analogy  for  converting  mean 
into  equated  anomaly  is  limply  this  :  As  the  aphelion  dijiance  : 
is  to  the  perihelion  dijiance  ::  f'o  is  the  tangent  oj  half  the  mean 
anomaly  :  to  the  tangent  oj'  half  the  equaled  anomaly ;  and  the 
difference  between  thefe  two  anomalies  con fti Lutes  the  equa¬ 
tion  itfelf.  Now,  it  is  well  known  to  all  who  are  converiant 
in  the  theory  of  planetary  motion,  that  in  the  projection  of 
any  elliptic  orbit,  a  circle,  delcribed  from  the  focus  in  which 
the  fun  is  fuppofed  to  be,  with  a  radius  that  is  a  mean  pro¬ 
portional  between  the  major  and  minor  femi-axes,  will  cut  the 
ellipfe.  in  two  points,  which  Hiall  be  the  points  of  mean  dijiance; 
or,  which  is  the  lame  thing,  the  points  where  the  equation 
becomes ftationary ,  and  confequentlv  where  it  is  a  maximum. 
It  is  alfo  equally  well  known  to  practical  aitronomers,  and 
calculators  of  an  ephemeris,  that  the  equation  varies  very 
(lowly  for  many  degrees  both  before  and  after  the  points  of 
mean  anomaly  corresponding  to  the  greatelt  equation  ;  and 
likewife  that  thefe  points  fall  a  little  beyond  the  firft  quadrant 
from  the  aphelion,  or  three  degrees  of  mean  anomalv,  by  a 
quantity  which  depend*  upon  the  eccentricity  of  the  orbit. 
In  the  orbit  of  Mercury  the  point  of  mean  anomaly,  when 
the  equation  is  greateft,  is  nearly  at  105°  from  the  aphelion  ; 
in  that  of  Venus  it  is  between  90°  and  91°  ;  in  that  of  the 
Earth  about  91°  :  in  that  of  Mars  about  97°  ;  in  that  of  Jupi¬ 
ter  and  Georgian  between  93°  and  9 1° ;  and  in  that  of 
Saturn  about  94°.  Hence  it  may  be  inferred,  that  if  the 
greateft  equation  of  Ceres  be  3°  25',  tjie  laid  point  of  mean 
anomaly  will  be  about  92°  :  but  that  if  the  equation  be  9* 
27'  41",  it  wTill  be  about  96°  ;  namely,  fomewhat  ftiort  of  that 
of  Mars,  the  greateft  equation  of  which  is  10°  40'  40''. 

Let  us  try  now  wrhat  the  greateft  equation  will  be  upon  both 
l’uppofttions  fucceftively,  according  to  the  fimple  elliptic  hypo - 
thefts . 

Log* 

As  the  aphelion  diftance  (27673-f-82 5)  28498  4,45481 

Is  to  the  perihelion  dift.  (27673 — 825)  26848  4,42891 
ho  is  the  tangent  of  46°  {  mean  anom.  10,01516 

14,44407 

4,45481 


To  the  tangent  of  i  eq.  anom.  44°  17'  nearly  9,98926 

Then  92° — 58°  3 4'= 3°  26'  is  the  greateft  equation. 

Again, 
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Again,  fuppofing  the  point  of  mean  difiance  to  be  at  96°, 
*ve  have  in  that  cafe. 

As  the  aphelion  didance,  28498  -----  4,45481 

Is  to  the  perihelion  did.  26848  -----  4,42891 

So  is  the  tangent  of  48°  -------  10,04556 


1 4,4 1  447 
4, 45  481 


To  the  tangent  of  46®  17' nearly  -  -  -  -  -  10,01966 

Then  96° — 82°  34'=3°  26'  is  the  greated  equation,  as  be¬ 
fore. 

Hence  it  is  indubitably  proved,  that  the  equation,  as  given  The  equation 

by  Gaufs,  is  much  too  great  for  the  eccentricity  ;  and  it  ap-  fs^o  greater 

pears  alio,  according  to  what  has  been  already  afferted,  that  the  eccentricity  j 

the  equation  at  92°  and  96°  of  mean  anomaly  is  nearly  the 

fame ;  that  is  to  fay,  the  difference  will  only  be  in  the  JeconcLs. 

But  the  greated  equation  of  a  planet  is  ufually  determined  °r  t^.e  eccentn., 
^  1  *  j  city  js  faulty  i 

from  a  feries  of  obfervations  antecedently  to  the  calculation  of 

the  eccentricity  :  therefore  the  error  which  has  been  detedled 
may  be  in  the  eccentricity,  and  not  in  the  equation  ;  in  which 
cafe,  by  reverting  the  analogy  already  ufed,  we  lliall  have 
this  calculation,  viz.  As  unity  :  mean  didance  27673  ::  natu¬ 
ral  dne  of  4°  43'  b0~'  or  08247,4  :  2282,2  for  the  requidte 
eccentricity.  But  it  will  be  mod  eafy  to  determine  in  which  kut  dds  will  be 
of  the  two  elements  the  error  has  been  committed,  when  the  the  p^Hod^when 
whole  period  has  been  accurately  afeertained.  determined. 

When  it  was  mentioned  in  the  former  paper  on  this  fubjedt,  Ofervations  of 
that  oppodtions  and  conjunctions  were  of  importance  to  be  oppofition^^nsf 
obferved,  the  reafon  wras  omitted  to  be  explained  ;  which  is,  their  ufe. 
that  when  a  fuperior  planet  is  in  oppodtion,  or  an  inferior  one 
in  conjuixdion,  the  oblerved  geocentric  longitudes  are  alfo 
heliocentric  longitudes,  without  calculation  or  reference  to 
didance  and  eccentricity ;  becaule  in  fuch  relative  dtuations 
there  is  no  parallax  of  the  orb  :  and  it  is  well  knowm  to  adro- 
aomers,  that  when  an  oppodtion  happens  at  the  place  of  mean 
didance  of  a  fuperior  planet,  half  the  differenoe  between  the 
heliocentric  place,  by  calculation  of  mean  motion,  and  of  the 
place  as  obferved  at  that  time,  is  equal  to  the  greatef  equation. 

The  13th  of  March  ult.  was  the  day  on  which  the  adronortiers 
on  the  continent  predi&ed  that  an  oppodtion  of  Ceres  would 

E  2  occur  j 
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Application  to 
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Determination 
of  the  real  pe- 
xioH,  & c. 


occur ;  but  it  muff  have  happened  on  the  23d,  as  I  calculate 
from  Von  Zach’s  little  ephemeris  continued  forwards ;  viz. 
when  the  geocentric  plane  was  about  1  82°.  The  aftronomer 
who  has  an  obfervatory,  and  has  noted  the  exact  time ,  will  do 
well  to  make  the  observation  public. 

The  mean  time  which  elapfes  between  two  fucceffive  oppo¬ 
sitions  or  conjunctions  of  a  planet,  as  feen  from  the  earth,  is 
called  a  fynodic  revolution,  and  is  determined  by  dividing 
360°  by  the  difference  of  the  mean  daily  motions  of  the  earth 
and  other  planets.  Thus:  taking  the  mean  daily  motion  of 
Ceres  at  770,737 6",  according  to  Gaufs,  and  of  the  earth  at 
5  S'  8,33",  according  to  Lalande,  we  have  Trfr.iVaT  =» 4-66,6 
days  nearly  for  the  whole  fynodic  period,  on  a  luppofition  that 
the  motions  are  both  equable  throughout  their  orbits;  but  their 
refpective  diffancesfrom  their  aphelia  at  the  time  of  oppoiition 
muff:  be  made  the  argument  of  a  correction,  either  additive  or 
fubtraclive,  as  the  cafe  may  be,  to  determine  what  a  fynodic 
period  would  be  if  both  motions  were  equable.  Now,  if  we 
reverfe  this  procefs,  we  can  juff  as  ealily  gain  the  difference 
of  the  daih  motions  between  that  of  the  earth  and  other  pla¬ 
nets,  and  confequently  the  whole  period  of  the  latter,  from 
having  only  the  earth’s  daily  motion,  and  ohferved fynodic  pe¬ 
riod  ;  for  360°,  divided  by  this  period  in  days,  gives  the  dif¬ 
ference  wanted  at  once,  which,  lubtracled  from  the  daily  mo¬ 
tion  of  the  earth,  gives  that  of  the  other,  if  it  be  a  fuperior 
planet ;  but  if  an  inferior  one,  that  difference  muff  be  added  ; 
and  the  more  nearly  the  two  daily  motions  approximate  to 
each  other,  the  longer  will  be  the  refpective  fynodic  revolu¬ 
tion.  In  the  inffance  before  us,  if  we  luppofe  the  whole  cor¬ 
rected  fynodic  revolution  of  Ceres  to  be  466,6  days  from  oh- 
fervation,  we  fliall  have  =  2777,5924"  for  the  difference 

to  be  fubtraCted  from  3548,33"  the  earth’s  mean  daily  motion, 
which  will  leave  770,7376"  for  the  mean  daily  motion  of 
Ceres,  as  before  ;  by  which  if  we  divide  360°,  we  flia.ll  have 
the  whole  tropical  period  r=  168  V  12h  8ra  49*.  But  it  remains 
to  be  obferved  what  a  whole  fynodic  period  of  Ceres  may 
prove  in  reality. 

Suppofing  the  epoch,  or  mean  heliocentric  longitude  of 
Ceres  to  have  been  2  S.  17°  36'  34"  on  January  1,  1801,  the 
day  of  its  difeovery,  as  is  ftated  by  Gaufs,  and  the  place  of 
the  aphelion  10  S.  26°  27'  38",  the  mean  anomaly  muff,  on 
4  this- 
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this  fuppofition,  have  been  at  that  time  3  S.  21°  8'  56",  lo 
that  it  had  parted  the  place  of  mean  motion  about  either  19° 
or  15°,  accordingly  as  we  make  the  greatert  equation  3°  25' 
or  9°  21'  41 "  :  therefore  the  daily  motion  was  nearer  a  mean 
motion  than  it  has  been  ever  fince ;  and  it  will  be  yet  fome 
months  before  it  arrives  at  its  place  of  mean  motion  in  the  op- 
portte  half  of  its  orbit  •  which  place  is  either  2°  or  6°  rtiort  ol 
the  ninth  lign  of  anomaly,  accordingly  as  we  take  the  eccen¬ 
tricity.  Let  us  fuppofe  now  the  whole  period  to  be  upwards 
of  1681  days,  as  has  been,  perhaps  prematurely,  determined; 
one  fourth  of  this  time  had  elapfed  on  the  24th  of  February , 
I  aft ;  on  which  fuppofition,  the  mean  anomaly  mull;  then  have 
been  advanced  jurt  three  figns  from  the  original  fituation  ; 
namely,  it  mull  have  been  upwards  of  6S.  21°,  at  which  rate 
the  planet  had  parted  the  perihelion  by  a  (pace  of  time  anfwer- 
ing  to  21°  of  mean  motion,  which  is  about  98  days:  therefore 
the  18th  of  November,  1801,  mull  have  been  the  day  on 
which  it  was  at  the  perihelion,  or  place  of  greatert;  velocity ; 
but  at  that  time  the  planet  ivas  loft,  and  we  are  not  in  pol- 
fertion  of  any  obfervation  of  it  nearer  that  time  than  the 
7  th  of  December  following,  when  Baron  Von  Zach  re-dif- 
covered  it. 

The  continuance  of  any  planet  in  the  firrt  quadrant  from 
aphelion  is  longer  than  in  the  fecond  quadrant,  by  a  fpace  of 
time  which  correfponds  to  the  whole  equation,  taken  at  three 
figns  of  mean  anomaly  ;  in  which  fituation,  it  has  been  already 
obferved,  that  the  equated  or  apparent  motion  is  alfo,  as  nearly 
as  may  be,  a  mean  motion  ;  if  therefore  the  equation  at  three 
figns  be  divided  by  the  mean  daily  rate  of  motion,  we  fhali 
have  a  fpace  of  time,  which,  added  to  one  fourth  of  the  whole 
period,  and  fubtra&ed  from  another  fourth,  will  give  nearly 
the  refpebtive  times  of  continuance  in  the  firrt  and  fecond 
quadrants  of  anomaly  :  Hence  arifes  this  rule  for  finding  the 
two  femicircles,  rclpectively  bifected  by  the  perihelion  and 
aphelion  points,  viz.  divide  four  times  the  equation  at  three 
figns  of  anomaly,  (which  may  be  the  greatert  equation  where 
the  eccentricity  is  fmall),  by  the  mean  daily  motion,  and  the 
quotient  will  be  the  number  of  days  that  the  planet  continues 
longer  in  the  femicircle  from  nine  to  three  figns  of  anomaly 
than  from  three  to  nine.  For  inftance,  if  we  take  the  equa¬ 
tion 
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lion  of  Ceres  at  3°  2.5',  we  (hall  have  =  63,83  days 

77«  7376"  J 

for  the  time  of  continuance  in  the  femicircle  embracing  the 
aphelion,  longer  than  in  the  femicircle  which  is  bifected  by  the 
perihelion  :  but  if  we  take  the  equation  at  three  figns  =.  9°  25', 
fomewhat  lefs  than  the  greated  equation,  in  this  cafe,  by  reafon 
of  the  inereafed  eccentricity,  we  fhall  have  the  excefs  of  con¬ 
tinuance  i?.*5  =  175,93  days. 

77  7376  J 

This  fuggedion  may  be  worthy  the  notice  of  the  practical 
adronomer  ;  for  when  a  variety  of  obfervations  are  taken  of 
the  new  planet  in  the  different  quadrants  of  its  orbit,  and 
the  corref ponding  times  recorded,  it  will  be  no  difficult 
tafk,  when  equidiftant  geocentric  longitudes  are  converted 
into  heliocentric  longitudes,  to  obferve  what  femicircle  of  the 
ecliptic  correfponds  to  that  half  of  the  orbit  in  which  the  pla¬ 
net  has  continued  longeji :  the  middle  of  that  femicircle  will  be 
the  aphelion ,  and  the  two  extremities  will  be  three  and  nine 
figns  of  anomaly  :  Alfo,  the  excefs  of  duration,  above  the  time 
occupied  by  the  other  femicircle,  multiplied  by  the  mean  daily 
motion ,  will  be  four  times  the  equation  at  three  and  nine  figns 
of  anomaly  very  nearly  ;  and  as  this  equation  is  very  little  fhort 
of  the  greated  equation,  the  eccentricity  may  likewife  be 
found  by  either  of  the  methods  already  deferibed  :  Thus  the 
form  and  elementary  points  of  the  orbit  may  be  gained  by  a 
feries  of  obfervations  converted  into  heliocentric  places,  even 
by  the  projection  propofed  in  the  lad  memoir  on  this  fubje<5t, 
and  thefe  determinations  may  be  corrected  by  a  comparifon  of 
them  with  the  refults  deduced  from  the  properties  of  an  ellipfe, 
which  are  here  purpofely  omitted,  led  a  more  minute  and 
fcientific  defeription  of  intricate  calculations  diould  rather 
puzzle  than  inform  the  generality  of  readers  *. 

It  remains  yet  that  fome  obfervations  be  made  relative  to 
the  pofition  of  the  orbit  of  a  planet.  There  are  many  methods 
of  afeertaining  the  nodes  of  a  planet's  orbit,  from  calculation 
grounded  upon  obfervations ;  but  the  fimpled,  when  it  is 
practicable,  is  to  convert  the  geocentric  into  the  heliocentric 
place  at  the  time  when  there  is  no  latitude  by  obfervation,  for 

*  See  Lalande’s  and  Mr.  Vince’s  Aftronomy ;  and  alfo  Profetfor 
Robifon  on  the  Geo.  Sidus,  in  the  Edin*  Tranf.  voM.  1788* 

the 
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the  heliocentric  place  will  be  the  place  of  the  node,  afeending 
or  defeending,  as  the  cafe  mav  be,  which  will  appear  by  a 
fubfequent  obfervation  ;  but  when  the  place  of  a  planet,  when 
eroding  the  ecliptic,  cannot  be  obferved,  the  middle  point  be¬ 
tween  two  equal  north  and  fouth  latitudes,  gained  by  obferva¬ 
tion,  will  give  the  node. 

The  heliocentric  latitude,  when  a  planet  is  juft  90°  from 
each  node,  is  the  meafure  of  the  inclination  of  its  orbit,  and 
is  eafily  obtained  from  the  obferved  geocentric  latitude,  taken 
in  that  fituation,  by  the  analogy  already  delcribed  ;  or,  other- 
wife,  the  greateft  heliocentric  latitude  may  be  acquired  from 
an  obfervation  of  a  geocentric  latitude  and  longitudinal  dit- 
tance  from  the  node,  thus :  When  the  earth  is  in  the  line  of 
the  nodes,  the  analogy  will  be,  as  the  fine  of  the  difference  of 
the  longitudes  of  the  fun  and  planet  feen  from  the  earth  :  radius  :: 
tangent  of  the  geocentric  latitude  :  tangent  of  the  inclination. 

The  two  days  on  which  the  earth  will  be  in  the  line  of  the 
nodes  of  Ceres  will  be  June  12.  and  December  13.  this  year. 
But  it  is  beyond  the  propofed  intention  of  this  popular  memoir 
to  enter  into  all  the  minutiae  of  calculation,  were  the  requisite 
data  before  me ;  but  only  to  point  out  the  methods  of  applying 
obfervations  for  determining  the  fize,  form,  and  pofition  of  a 
planet’s  orbit :  it  may  not,  however,  be  unworthy  of  notice, 
before  I  conclude,  to  remark,  that  the  aftronomers  on  the 
continent,  who  availed  themlelves  of  the  earlieft  obfervations 
only  for  determining  an  approximate  fet  of  elements  of  Ceres, 
were  enabled  to  do  this  from  noticing  that  this  planet  became 
fat  ionary  between  the  10th  and  11th  of  January,  1801,  when 
its  elongation  was  known  by  obfervations ;  for  it  has  been 
(hewn  by  writers  on  aftronomy,  that,  upoi)  a  fuppofition  of 
circular  orbits,  the  tangent  of  the  elongation  is  equal  to  the  J'emU 
diameter  of  the  orbit ,  divided  by  the  Jquare  root  of  that  Jemi -> 
diameter  H“  !• 
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Days  when  the 
earth  will  be  in 
the  line  of  the 
nodes  of  Ceres. 


The  early  deter¬ 
minations  re- 
fpedling  the  or¬ 
bit  of  Ceres  were 
made  from  its 
ftationary  peti¬ 
tion. 


Your’sj  &c. 


W.  p. 


appendix; 
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APPENDIX. 

April  JO,  J  $02. 

.  Since  the  preceding  paper  on  the  planet  Ceres  was  written, 
Mr.  Ed.  Troughton  has  put  into  my  hands  the  duplicate  of 
another  letter,  fent  to  him  by  the  Baron  de  Zach,  and  ad- 
drelfed  to  Sir  Jofeph  Banks,  Bart,  which  I  underfland  has 
been  read  at  a  meeting  of  the  Royal  Society,  and  which  I 
fhall  here  tranfcribe  *,  on  account  of  fome  remarks  which  I 
have  to  make  upon  it.  (Copy,) 

Seeberg  Ohfervatory  near  Gotha,  Feb,  20,  1S02, 
“  Dear  Sir, 

Letter  from  Ba-  “  I  had  the  honour  to  fend  to  you  my  obfervations  of  the 
ron  von  Zach.  new  p]anej-  Ceres  Ferdinandea  made  in  January,  here  I  take 
the  liberty  to  fend  the  continuation  of  them  made  in  February. 


Table  of  obfer¬ 
vations. 


1802. 

Mean  Time 
in  Seeberg. 

Ap. 

Right  Afcen. 
obferved. 

App.  Dec. 
obferved. 

Feb.  3 

1 5h  40' 

35"  S. 

1 88a 

42'  13,05" 

12°  40'  5"TT. 

4 

15  36 

41,4 

188 

42  36,30 

5 

15  32 

45,1 

188 

42  30,15 

12  50  25 

9 

15  16 

43,7 

188 

38  3,90 

13  14  18 

19 

14  34 

46,7 

1187 

58  27,90 

14  20  3 

Dr.  Gaufs  has  corre&ed  his  elliptical  elements  of  the  orbit 
npon  my  obfervations ;  here  is  what  he  has  found  fince  my 
laft  letter  to  you. 

Elements,  Epoch  for  the  beginning  of  the  year  to  the  meridian  of 


Seeberg  r 

77° 

27' 

36,5' 

Node^°n  }  both  fidereal, 

325 

80 

57 

58 

15,0 

40,0 

Greateft  equation  of  the  center 

9 

20 

8,0 

Inclination  of  the  orbit  -  - 

10 

37 

56,6 

Logarithm  off  axis  major  0,4424742 

Eccentricity  of  the  orbit  0,08 1 4064 

Mean  diurnal  heliocentric  and  tropical  motion 

769//,7924 

With  thefe  elements  of  the  orbit  all  the  obfervations  made 
by  Mr.  Piazzi  in  Palermo,  from  Jan.  I,  till  Feb.  11,  1801, 


*  The  letter  was  fent  open  to  Mr.  Troughton  for  the  exprefs 
purpofe  of  copying  and  communicating  the  fame,  W.  N. 

agree 
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agree  perfectly  well,  and  within  a  few  feconds ;  and  my  ob 
fervations  are  reprefented  by  them  thus : 


Seeberg  obferv. 

R.  A.  calculated. 

Differ. 

Declin. 

calcul. 

Differ. 

1801,  Dec.  7 

178° 

33/ 

29,2" 

—  1,4" 

1802, Jan.  11 

186 

45 

47,6 

—  2,3 

16 

187 

27 

38,8 

—  1 4,4 

22 

1S8 

6 

18,2 

—  7,6 

o 

/ 

•/ 

25 

188 

20 

37,2 

—  2,0 

11 

56 

a 

00 

+35,4" 

26 

188 

24 

37,0 

—  12,5 

28 

1S8 

31 

25,7 

—  12,1 

12 

9 

55,6 

+  1+3 

29 

188 

34 

14,1 

—  4,0 

30 

188 

36 

38,4 

—  5,5 

12 

19 

19,8 

+  19,1 

31 

188 

38 

38,3 

—  7,1 

12 

24 

15,3 

Feb.  3 

188 

42 

7,8  1 

—  5,2  1 

12 

39 

53,6 

—  11,4 

As  thefe  elements  agree  hitherto  fo  well  with  the  heavens, 
the  following  ephemeris  calculated  upon  them  for  the  next 
month,  will  probablydo  the  fame,  fo  I  annex  it  here  to  point 
out  to  the  Englifh  obfervers  the  place  where  they  have  to  look 
for  the  Ceres. 

Pofition  of  the  Ceres  for  Midnight  Mean  Time  in  Seeberg  Ephemeris. 

Obfervatory. 


1802. 

R.  A.  in 

degrees. 

Decl. 

N. 

R.  A 

in  Time. 

March  1 

1 86° 

41' 

15Q 

30' 

12h 

26' 

45" 

4 

186 

11 

15 

50 

12 

24 

45 

7 

185 

39 

16 

10 

12 

22 

36 

10 

185 

5 

16 

29 

12 

20 

18 

13 

184 

28 

16 

47 

12 

17 

53 

16 

183 

51 

17 

4 

12 

15 

24 

19 

183 

13 

17 

19 

12 

12 

50 

22 

182 

34 

17 

33 

12 

10 

15 

25 

181 

55 

17 

44 

12 

7 

40 

28 

181 

17 

17 

54 

12 

5 

7 

31 

189 

39 

18 

1 

12 

2 

37 

April  3 

180 

3  j 

18 

6 

12 

0 

12 

6 

178 

29 

18 

10 

11 

57 

54 

This  planet  will  come  in  oppolition  to  the  fun,  March  17 
jn  the  afternoon.  At  the  fame  time  this  heavenly  body  will 
be  in  its  greateft  proximity  to  the  earth  =  1,6025,  and  there¬ 
fore 
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fore  the  moll  favourable  time  to  look  for  its  fatellites,  If  there 
are  any,  to  meafure  its  diameter;  and  to  examine  its  nebu- 
Iofity.  About  this  time,  the  planet  will  alfo  be  in  its  greateft 
geocentrical  latitude  =  17°  9',  and  a  little  later  the  will  have 
her  greateft  retrograde  motion,  about  13  min.  in  right  afcen- 
fion  per  day.  The  north  declination  will  increafe  till  the  be¬ 
ginning  of  April,  and  about  the  9th  of  the  fame  month  the 
Variable  light  of  motion  in  declination  will  commence  to  the  fouth.  It  ap- 
Ceres.  peared  to  me  that  the  Ceres  has  fome  change  of  light ;  I  im¬ 

puted  it  at  firft  to  our  hazy  atmofphere  this  winter,  but  Mr. 
Schroeter  of  Lilienthal,  and  Mr.  Olbers  of  Bremen,  fent  me 
word  that  they  have  obferved  the  fame,  and  they  believe  that 
it  is  the  planet  which  is  fubjecl  to  fuch  changes  of  light.  Mr. 
Herfchel  will  tell  us  belt  whether  it  is  fo.  I  have  fome  hopes 
to  find  the  planet  in  ancient  catalogues  of  ftars.  Mr.  Melfier 
was  very  near  it  in  the  year  1779.  The  famous  comet  of  that 
year  ran  juft  over  the  northern  wing  of  Virgo,  as  now,  and 
the  new  planet  was  not  very  far  diftant.  If  the  comet  had  at¬ 
tained  two  months  fooner  the  completion  of  Virgo,  Mr.  Mel¬ 
fier  muft  infallibly  have  obferved  the  Ceres  then,  becaufe  he 
determined  all  the  little  ftars  in  the  vicinity  of  the  comet ;  the 
planet  would  have  been  in  the  way  of  the  comet,  and  fo  of 
courfe  he  would  have  catched  the  little  planet  in  1799. 

If  my  obfervations  are  acceptable  to  you,  dear  Sir,  only  a 
little  hint,  and  I  (hall  continue  with  pleaftire  to  give  you  fur¬ 
ther  intelligence. 

I  am, 

with  the  greateft  efteem  and  regard, 
very  refpe&fully, 

moft  honoured  SIR, 

Your  obedient  humble  Servant, 
FRANCIS  BARON  DE  ZACH. 

Lieut.  Col.  and  Director  of  Seeberg  Obfenatory 
near  Gotha  Saxony.” 

REMARKS. 

Remarks.  1*  The  diftance  which  correfponds  to  the  logarithm  of  \ 

axis  major,  viz.  0,44247 42,  is  2,769964,  the  earth’s  radius 
being  unity. 

2.  The  whole  tropical  period  from  the  mean  daily  helio¬ 
centric  tropical  motion,  769,7924'',  is  1683d  13h  41'  56, 3". 

3.  The 
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3.  The  fynodic  revolution  correfponding  to  this  motion  is 
lG6d  10h  22“. 

4.  Tiie  time  of  oppofition  could  nqt  be  on  the  17th  of 
March  as  hated  in  this  letter,  but  about  ^the  23d,  as  has  been 
mentioned  before,  becaufe  it  was  on  that  day  that  the  differ 
rence  of  the  right  alcenfions  of  the  lun  and  Ceres  was  180°, 
even  according  to  the  Baron’s  own  table  :  the  error  leems  to 
have  arifen  from  reckoning  the  point  diametrically  oppofite 
Ceres  to  be  nearly  two  degrees  Jhort  of  the  equinoctial  point, 
inftead  of  the  lame  quantity  over ,  when  the  right  afeenfion  of 
Ceres  was  about  182°:  the  other  circumliances  alfo  depen¬ 
dent  on  the  moment  of  oppofition  muft  therefore  be  attributed 
to  the  23d  inftead  of  the  17th. 

5.  On  receiving  thefe  lall;  corrections  of  Dr.  Gaufs  I  was  Caufe  rf  the 

at  firlt  furprifed  to  find  fuch  a  trifling  alteration  made  with  the  greemcmfoiT 

greateft  equation  and  correfponding  eccentricity,  after  the  fome  dedu&ions 

error  which  I  was  confident  I  had  deteded ;  but  I  have  now  of  the  author, 

and  the  elements 

found  out  the  caufe  of  the  apparent  difcrepancy,  which  fome  0f  Mr.  Gaufs. 
ftrefs  has  been  laid  upon ;  the  mean  diftance  and  eccentricity, 

I  now  perceive  are,  contrary  to  the  ufual  mode  of  expreilion, 
given  in  terms  of  different  denominations :  the  mean  diftance  has 
been  given  in  terms  which  fuppofe  the  radius  of  the  earth’s 
orbit  to  be  unity,  and  the  eccentricity  is  given  in  terms  which 
fuppofe  the  radius  of  the  orbit  of  Ceres  to  be  unity,  inftead  of 
its  proportional  radius  2,769964.  Profeffor  Robifon  on  the 
contrary,  in  his  approximate  elements  of  Georgian  expreffed 
the  mean  diftance  and  eccentricity  in  terms  of  the  fame  deno¬ 
mination,  which  is  alfo  done  by  Lalande,  Vince,  and  other 
eminent  aftronomers  with  refped  to  the  other  planets.  Let  us 
try  now  what  the  greateft  equation  will  be  by  the  elliptic  hv- 
pothefts,  when  unity  is  made  the  radius  of  the  orbit : 

As  the  aphelion  diftance  ( 1 -f-,08 1 40)  1,08140 — 4,03383 

Is  to  perihelion  diftance  (1 — ,08140)  9186 — 3,96313 

So  is  tang  :  of  46°  \  mean  anom  :  -  1 0,01-55 6 


To  tang  :  §  eq.  anom  :  43°  20'  33,6- 


4,00869 

4,03383 


9,97486 

Then  48<>  20'  33,6"  -f  2  =  86°  41'  72'';  and  92s  —  8 6* 
4! '  7,2"  =  9?  18'  5,28"  is  the  greateft  equation. 

2 
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ENGINE  FOR  RAISINO  WATER. 


Introduction. 


Height  of  Irton- 
Hall  60  feet  a- 
bove  the  ftream 


Defcription  of 
the  engine.  A 
bucket  is  fuf- 
pended  at  one 
end  of  a  beam 
and  a  counter¬ 
weight  at  the 
other  end. 

The  ftream  fills 
the  bucket  and 
raifes  the  coun¬ 
ter- weight  ; 


Alfo  by  the  tabulated  method  we  have  T-(|'o'o°s  =  OS  140, 
which  is  the  natural  line  of  4P  40'  3,27",  or  half  the  greateft 
equation  9°  20'  16,51",  which  is  not  9"  above  the  correction 
of  Dr.  Gauls. 

6.  Hence  it  appears,  that  the  eccentric  point  in  the  pro¬ 
jection  of  the  orbit  of  Ceres  fliould  be  a  little  lefs  than  ol 
the  radius  from  the  central  point  S  (Plate  XIII.  Fig.  1.)  which 
reprefents  the  lun. 

,  •  ‘  W.  P. 


XI. 

Defcription  of  a  very  cheap  Engine  for  raifing  Water.  In  a  Let¬ 
ter  from  Mr.  H.  Sarjeant  of  Whitehaven,  to  Mr.  Taylor, 
Secretary  to  the  Society  for  the  Encouragement  of  Arts.* 

S  I  R, 

1  AM  fenfible  that  the  little  engine,  a  drawing  of  which  ac¬ 
companies  this  letter,  can  lay  no  great  claim  to  novelty  in  its 
principle;  neverthelefs  it  is  refpeclfully  fubmitted  to  the  con- 
ftderation  of  the  fociety,  how  far  its  fimplicity,  and  cheapnefs 
of  conftruction,  may  render  it  worthy  of  their  attention,  with 
a  view  to  its  being  more  generally  known  and  ufed  in  fimilar 
cafes. 

Irton-Hall,  the  feat  of  E.  L.  Irton,  Efq.  is  fituated  on  an 
afeent  of  fixty  or  fixty-one  feet  perpendicular  height;  at  the 
foot  of  which,  at  the  diftance  of  about  140  yards  from  the 
offices,  runs  a  frnall  ftream  of  water.  The  object  was  toraife 
this  to  the  houfe  for  domeftic  purpofes. 

To  this  end  a  dam  was  made  at  a  ffiort  diftance  above,  fo 
as  to  caule  a  fall  of  about  four  feet ;  and  the  water  was  brought 
byr  a  wooden  trough,  into  which  was  inferted  a  piece  of  two- 
inch  leaden  pipe,  a  part  of  which  is  feen  at  A,  plate  2. 

The  ftream  of  this  pipe  is  fo  directed  as  to  run  into  the 
bucket  JB,  when  the  bucket  is  elevated;  but  fo  loon  as  it  be¬ 
gins  to  defeend,  the  ftream  flows  over  it,  and  goes  to  fupply 
the  wooden  trough  or  well  in  which  the  foot  of  the  forcing 
pump  C  ftands,  of  three  inches  bore. 

D,  is  an  iron  cylinder  attached  to  the  pump  rod,  which 
pafles  through  it.  It  is  filled  with  lead,  and  weighs  about 

#  From  the  Tranfa&ions  of  the  Society,  for  1801,  page  255.  The 
filver  medal  was  given  to  the  Inventor. 

240  lbs. 
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2-1-0  lbs.  This  is  the  power  which  works  the  pump,  and  forces 
the  water  through  420  feet  of  inch  pipe  from  the  pump  up  to 
the  houfe. 

At  E  is  fixed  a  cord  which,  when  the  bucket  comes  to 
within  four  or  five  inches  of  its  lowed:  projection,  becomes 
ftretched  and  opens  a  valve  in  the  bottom  of  it,  through  which 
the  water  empties  itfelf. 

I  beg  leave  t©  add,  that  an  engine,  in  a  great  degree  fimi- 
lar  to  this,  was  eredled  fome  years  ago  by  the  late  James 
Spedding,  Efq.  for  a  lead-mine  near  Kelvvick,  with  the  ad¬ 
dition  of  a  fmaller  bucket  which  emptied  itfelf  into  the  larger, 
near  the  beginning  of  its  defeent,  without  which  addition  it 
was  found  that  the  beam  only  acquired  a  libratory  motion, 
without  making  a  full  and  effedlive  flroke. 

To  anfwer  this  purpofe  in  a  more  fimple  way,  I  conftrudled 
the  l'mall  engine  in  fuch  manner  as  to  finifh  its  flroke  (fpeak- 
ing  of  the  bucket  end,)  when  the  beam  comes  into  an  hori¬ 
zontal  pofition,  or  a  little  below  it.  By  this  means  the  lever 
is  virtually  lengthened  in  its  defeent  in  the  proportion  of  the 
radius  to  the  cofine,  of  aboilt  thirty  degrees,  or  as  feven  to  fix 
nearly,  and  confequently  its  power  is  increafed  in  an  equal 
proportion. 

It  is  evident  that  the  opening  of  the  valve  might  have  been 
effedled,  perhaps  better,  by  a  projecting  pin  at  the  bottom  ; 
but  I  chofe  to  give  an  exadt  defeription  of  the  engine  as  it 
/lands.  It  has  now  been  fix  months  in  ufe,  and  completely 
anfwers  the  purpofe  intended. 

The  only  artifts  employed,  except  the  plumber,  were  a 
country  blackfmith  and  carpenter;  and  the  whole  coll,  exclu- 
live  of  the  pump  and  pipes,  did  not  amount  to  £5. 

I  am.  Sir, 

Your  humble  fervant, 

H.  SARJEANT. 

Warwick  Court,  Holborn. 

Mr.  Charles  Taylor. 
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and  this  laft  in 
its  defeent  woi  k* 
a  fmall  force- 
pump. 

The  bucket  is 
made  to  empry 
by  a  valve  and 
thing. 


Contrivance  to 
complete  the 
flroke. 


It  is  very  cheap. 


In  another  letter,  dated  Whitehaven,  April  28,  1801,  Mr.  With  a  fail  of 
Sarjeant  further  obferves  that  the  pump  requires  about  eighteen  fun;ptjon  QCf  "g 
gallons  ol  water  in  the  bucket  to  raife  the  counter-weight,  gallons,  it  roifeB-- 
and  make  a  frefh  flroke  in  the  pump;  that  it  makes  three  fco^e-^'ThaHs 
itrokes  in  a  minute,  and  give*  about  a  half-gallon  into  the  cif-  to  fay  1 2  parts  of 

tern 
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water  raife  5  tern  at  each  flrokc.  He  adds,  **  I  fpeak  of  what  it  did  in  the 

about  cme  eighth  ^0^  Par*  °f  ktft  fummer;  when  it  fupplied  a  large  family, 
part  of  one  man’s  together  with  work-people,  &c.  with  watef  for  all  purpofes, 
work,  and  it  jn  a  tua.tion  where  none  was  to  be  had  before,  except  fome 
bog  (heads  in  the  bad  water  from  a  common  pump  which  has  been  fince  re- 
moved.  But  the  above  lupply  being  more  than  fufficient,  the 
machine  is  occalionally  (topped  to  prevent  wear,  which  is 
done  by  merely  calling  off  the  firing  of  the  bucket  valve. J 
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XII. 

Concerning  the  l dentil  if  of  Tellurium  and  Antimony,  the  galvanic 
b.  fleets  of  Magnelifn ,  and  other  PJiilofophical  Subjects.  By  1 

C'ORRBSFON  I )  KMT. 

To  Mr.  NICHOLSON. 

S  I  R, 

Hiftory  of  the  a 

intelligence.  4  ANXIOUS  to  learn  the  particulars  as  well  as  the  truth  of 
the  intelligence  which  I  received  from  Moravia  concerning  the 
Tellurium  and  the  decompofition  of  water  pretended  to  have 
been  effected  at  Vienna  by  means  of  the  magnetic  fluid,*  I  ap¬ 
plied  to  a  chemical  friend  reliding  there  ;  and  it  appears  that 
this  intelligence  was  not  correct.  Whence  to  prevent  farther 
in;  fin  format  ion  I  conceive  it  my  duty  to  halien  in  publifhing 
the  following  extract  from  my  correfpondent’s  anfwer  to  my 
letter,  and  to  requeft  you  the  favour  of  infer  ting  it  in  your  ex¬ 
cellent  Journal,  if  there  be  room  for  it. 

I  have  the  honour  to  be. 

Sir, 

Your  humble  fervant, 

N.  N. 

London,  April  21.  1802. 


Extract  of  u  Letter  from  Vienna ,  dated  30Lh  March,  1802. 

“  The  intelligence  communicated  to  you  from  Moravia 
Concerning  the  Tellurium  and  decompofition  of  water  was  a 
little  premature,  and  is  not  farther  true  than  as  follows:” 

Account  of  the  ‘  to  ^ie  P°*n*  Tcharjky,  major  in  the  artillery, 
exf^riments  that  (well  known  by  his  refutation  of  Tondi's  experiments!  to- 

rerider  it  pioba-  t  # 

ble  that  Tciluri-  *  See  Philofopkical  Journal,  new  Series,  vol.  I.  pag.  234. 

vq*is  antimony.  ^  account  of  this  is  given  in  Baron  Born's  fyftematic  catalogue 

of  the  collection  of  foffils  off  Mflc  de  Raab  at  Vienna.  Tranfl. 

wanjs 


CONCERNING  THE  IDENTITY  OF  TELLURIUM,  &ZC.  £3 

wards  eftablifhing  the  pollibility  of  reducing  barytes,  lime  and 
magnefia  to  metallic  reguli,)  had  refolved  to  employ  his  con- 
fiderable  dock  of  Tellurite  and  Uranite  for  the  purpofe  of  fub- 
jecting  thefe  two  metals  to  a  new  and  cloler  examination. 

He,  therefore,  firft  prepared,  according  to  Klaproth’s  manner  * 
a  regulus  of  Tellurium,  weighing  feveral  grains.  This  regulus 
perfectly  agrees  with  reguline  antimony,  only  with  refpedt  to 
its  phyfical  properties,  for  infiance,  in  the  fradture,  colour,  hard' 
nefs,  Ipecific  gravity ;  and  fo  likewife  its  oxyde  perfectly  re- 
fembles  the  anti moni urn  diaphoreticum  ablutam  (lixiviated  white 
oxyde  of  antimony  by  nitre.)  However,  it  would  be  prema¬ 
ture,  without  farther  experiments,  in  which  Major  Tfcharfky 
is  at  prefent  engaged,  diredtly  to  conclude  that  Tellurium  is 
nothing  elfe  but  reguline  antimony.” 

“  Major  Tfcharlky  has  alfo  prepared  many  ounces  of  the  Uranium, 
oxyde  of  Uranium,  and  will  in  a  fhort  time  reduce  it  to  a 
regulus  of  coniiderable  fize  for  the  purpofe  of  farther  expe¬ 
riments.” 

Concerning  the  fecond  point  it  relates  only  to  an  experi- Suppofed  galv*. 

ment  of  Profeffor  Jordan,  who,  as  in  the  galvanic  experiment  n,lc  e^e<^s  °* 

y  .  .  r  ,  ,  the  magnet. 

for  decom poling  water,  connedted  metallic  wires  immerfed  in 
water  with  the  oppofite  poles  of  a  magnet,  and  obferved  that 
an  oxydation  of  the  wires  was  effected.  But  as  this  experi¬ 
ment  would  not  fucceed  in  the  feveral  inftances  in  which  it 
was  repeated.  Major  Tfcharfky  and  Captain  Lethesiyey  are  at 
prefent  occupied  in  preparing  a  large  magnetic  apparatus  in 
order  to  inflitute  a  regular  feries  of  experiments  on  this  fub- 
jedt.” 

j- 

Tojlcript.  Chevalier  Landriani  affirms  that  he  lias  difcovered  Landriani’s  me- 
a  method  of  copying  old  writings  in  the  fame  manner,  as  of^d°d^scopy'inS 
recently  written  papers,  duplicates  are  taken  by  means  of  copy¬ 
ing-machines. —  Hehas  alfo  prepared  an  excellent  indelible  Indelible  ink. 
ink,  the  compofition  of  which  he  will  foon  publith. 

t  The  procefs  by  which  Klaproth  elfablifhed  the  Tellurium  as 
a  new  metal  has  been  given  in  Nkbolfon'%  Journal,  vol.  II.  4to. 

1799,  page  273.  Tranfl. 
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SCIENTIFIC  NEWS ,  bV. 

Notice  refpefting  the  Difeovery  and.  Situation  of  chromated  Iron 

in  France . 

Cv.  Pontier  has  already  found,  three  years  ago,  in  the  lower 
Alps,  tome  fragments  of  chromated  iron,  out  of  its  place  ; 
but  circumftances  and  the  war  prevented  him  from  difeovering 
the  true  petition  of  this  new  and  curious  mineral  in  the  earth. 
He,  however,  at  laft  found  it  in  its  natural  place  in  a  quarry 
near  Gatlin,  in  the  road  to  Cavalaire. 

This  metal  is  mixed  with  a  green  terpentine  rock,  which 
probably  owes  its  colour  to  the  chrome,  according  to  C.  Pon¬ 
tier ’s  opinion.  It  fometimes  forms  maffes  of  five  folid  deci¬ 
meters  each. — Bulletin  des  Sc.  No  57 . 

BOOKS  OF  SCIENCE , 

A  Treatife  on  Afironomy ,  in  which  the  Elements  of  the  Science  are 
deduced  in  a  natural  order  from  the  Appearances  of  the  Heavens 
to  an  Obferver  on  the  Earth ;  dcmonjlrated  on  Mathematical 
Principles;  and  explained  by  an  Application  to  the  various 
Phenomena.  By  Olinthus  Gregory,  Teacher  of  Ma¬ 
thematics,  Cambridge.  Octavo,  522,  very  full  Pages,  with 
nine  Copper  Plates,  exclufive  of  the  Preface,  Table  of  Contents 
and  Index,  Keartley,  London. 

mud  be  admitted  that  we  have  few  works  in  our  lan¬ 
guage  in  which  the  extenfive  fcience  of  atlronomy  is  fully 
treated;  and  though  we  have  feveral  excellent  popular  com- 
pendiums,  yet  a  wrork  w  as  wanted  in  which  a  familiar  deduc¬ 
tion  of  the  effects  from  the  phenomena  fliould  be  combined 
with  the  flri<5ter  principles  of  mathematics,  and  in  which  a 
large  quantity  of  ufeful  and  interefling  matter  fliould  be  given 
in  the  compafs  of  an  o6tavo  volume.  Thefe  are  the  leading 
advantages  of  the  prefent  work,  betides  that  of  its  recent  ap¬ 
pearance,  w'hich  naturally  enabled  the  author  to  enrich  his 
treatife  with  the  interefling  difeoveries  of  later  times. 

His  order  confifts  in  an  invefligation  of  the  figure  and  di- 
menlions  of  the  earth';  the  ufe  and  meaning  of  the  imaginary 
circles  and  points ;  apparent  motions  ;  caufes  of  feafons,  & c. 
the  fixed  flars;  parallax,  refraction,  equation  of  time;  fyf- 
tems  of  afironomy  ;  truth  of  the  Copernican  fyftem  ;  theory 
of  apparent  motions;  law  of  the  planetary  revolutions;  real 
motions,  rotations;  phenomena  of  tecondaries  ;  eclipfes,  tran- 
fits,  cometary  phenomena;  aberration  of  light;  elements  of 
computation,  tables,  &c.  &c.  L.  L. 


Chromate  of 
iron. 
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ARTICLE  I. 


On  the  Rev.  Mr.  Pearfon’s  Analogy  for  deducing  the  greatefi 
Equation  from  the  Eccentricity.  In  a  Letter  from  Mr* 
Olinthus  Gregory. 

Cambridge ,  May  7 ,  1802. 


To  Mr.  NICHOLSON. 


S  I  R> 


The  brilliant  difcoveries  which  have  been  lately  made  by  Intereftlng  dif~- 
adronomers  in  different  parts  of  Europe,  have  naturally  pro- m  a^r° 
duced  a  fpirit  of  inquiry  in  many  perfons  who  have  hitherto 
paid  little  regard  to  fcientific  fubjeHs,  and,  at  the  fame  time, 
have  excited  an  earned:  and  adtive  folicitude  in  thofe  who  have 
made  confiderable  advances  in  the  caufe  of  fcience,  that  thefe 
inquirers  be  rightly  diredted  in  their  purfuit.  Among  thofe 
who  have  thus  laudably  exerted  themfelves  in  the  promotion 
of  ufeful  knowledge,  your  ingenious  correfpondent  the  Rev. 

Mr.  Pearfon,  of  Lincoln,  (now  of  Parfon’s  Green)  mud  cer¬ 
tainly  be  enumerated  ;  and  his  many  able  communications  to 
your  Journal  demand  the  thanks  of  its  numerous  readers.  In  Mr;  Pearfon’s 
the  lad  of  that  gentleman’s  valuable  papers  on  the  planet  Ceres  ducingth/^reat 
Vol.  II. — June,  1S02.  F  Ferdinandia}  eft  equation. 
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ANALOGY  FOR  DEDUCING  THE 


Ferdinandia ,  he  mentions  a  fimple  method  ot  deducing  the 
greateft  equation  of  a  planet’s  centre  from  the  exccntricity, 
which  he  difeovered  a  t’cvv  years  ago;  and  he  invites  your 
mathematical  corrcfpondcnts  to  give  a  demonftration  of  this 
method,  reflecting  the  accuracy  of  which  he  feems  to  have 
little  doubt.  In  confequence  of  Mr.  Pearfon’s  invitation,  I 
take  the  liberty  of  addrefling  you  on  the  fubje6t.  It  will  fave 
Demonftration  much  circumlocution  to  refer  to  a  diagram  :  let,  theretore, 
accuracy0.11  nd  the  elIiPfls  A  P  G  Q  in  the  annexed  figure  1 .  PI.  VII.  repre- 

fent  the  orbit  of  a  planet  moving  about  the  lun  S  in  one  of  the 
foci ;  and  let  A  N  Q  K  be  a  circle  deferibed  upon  the  major  axis 
of  the  orbit  as  a  diameter.  Then,  if  P  be  the  place  of  the  planet 
in  its  orbit,  A  N  will  ineafure  the  excentric  anomaly ;  alfo,  if  the 
arc  A  D  be  taken  proportional  to  the  time  from  the  aphelion, 
it  will  reprefent  the  mean  anomaly  ;  and,  letting  fall  the  per¬ 
pendicular  ST  from  S  upon  N  C  continued,  it  is  (hewn,  by 
Ktill  and  many  others,  that  AN  -f  ST  =  A  D.  It  has  alfo 
been  fiiewn  that,  when  the  equation  of  the  centre  is  a  maxi¬ 
mum  in  any  orbit,  the  diftance  S  P  of  the  planet  from  the  fun 

is  =  y/SA  x  S  Q,  and  when  this  is  the  cafe,  in  all  orbits  of 
(mall  eccentricity  the  point  P  nearly  coincides  with  G,  or  the 
place  of  the  planet  w  ill  be  near  an  extremity  of  its  orbit’s  mi¬ 
nor  axis.  In  this  fituation  of  S  P,  it  is  manifeft  that  ST  will 
be  almofi  coincident  with  S  C,  and  nearly  equal  to  it ;  S  D 
and  C  N  will  be  nearly  parallel ;  and  DON  -f-  S  N  C  nearly 
equal  to  2  I)  C  N  ;  that  is,  the  greateft  equation  will  be  nearly 
equal  to  2ND,  or  2  S  T,  or  2  SC.  But,  when  GS  the 
mean  diftance  reprefents  the  radius  of  a  circle,  as  the  angle 
G  C  S  is  90°,  S  C  will  manifeftly  reprefent  the  fine  of  an  an¬ 
gle  :  therefore,  as  G  S,  the  mean  diftance,  to  S  C,  the  eccen¬ 
tricity,  fo  is  1,  or  radius,  to  the  fine  of  \  the  greateft  equa¬ 
tion,  which  is  the  fame  as  Mr.  Pearfon’s  analogy. 

It  Is  merely  an  It  is  obvious  from  this  inveftigation,  that  the  fimple  method 
approximation.  p0jnted  ouj  by  Mr.  p,  merely  an  approximation.  It  fup- 
pofes  that  the  orbits  are  nearly  circular,  and  will  therefore 
produce  a  refult  deviating  moft  widely  from  the  truth  when 
the  eccentricity  is  the  greateft.  Thus  in  Mr.  P’s  table  (p.  49, 
No.  V.  N.S.)  the  greateft  error  is  in  the  orbit  of  mercury, 
where  the  eccentricity  is  ‘20551  in  terms  of  its  own  mean 
diftance.  The  next  greateft  error  is  in  the  orbit  of  Mars, 
where  the  eccentricity  is  *09303.  The  next  error  in  order  is 
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that  of  Ceres,  where  the  eccentricity  is  *08140,  and  error  4|r. 

(Pa.  60.  No.  V.)  In  the  cafe  of  the  Georgian  the  error  or 
difference,  as  dated  in  the  table,  is  much  too  great  to  corre- 
fpond  with  the  eccentricity.  But  here  I  conceive  there  is  a 
miftake  in  the  determination  of  the  eccentricity  :  for,  accord¬ 
ing  to  a  mean  from  various  aftronomers  ( Mechain ,  Hennert , 

De  la  Place,  Zac/i,  and  Robifon ,)  the  proportional  mean  dif- 
tance  of  the  Georgian  is  not  1918352,  but  1908352.  Hence 
then,  we  have  isrlfryz  —  ‘0475S24  =  nat.  fine  ol  2°  43/ 

SS'V'j  differing  -j%  of  a  fecond  from  the  determination  of  La- 
lande.  And,  in  the  cafe  of  Jupiter,  where  the  eccentricity  is 
*04807,  the  correfponding  difference  is  T^0-%  of  a  fecond ; 
which  is  a  little  larger  than  the  former,  as  it  ought  to  be.  So 
that  it  appears,  as  well  from  Mr.  P's  table  as  from  the  invefti- 
gation,  that  this  method  does  not  furnifh  a  refult  fufEciently 
accurate  except  when  the  eccentricity  is  pretty  fmall. 

Before  I  conclude,  I  would  juft  beg  to  remark,  that  this  The converfe 

method,  though  new  to  Mr.  Pearfon,  is  in  reality  well  known,  analogy  to  Mr* 
7  &  J  i  ion's  Ion0- 

An  analogy  which  is,  in  fact,  the  converfe  of  this,  though  ex-  known. 

preffed  rather  lefs  commodioufly,  is  given  writh  a  demonftra- 
tion,  in  La  Caille’s  Aftronomy,  art.  147.  Vince’s  Aftron. 
art.  231.  and  my  Aftron.  art.  344.  And  I  believe  it  is  alfo 
given  in  the  excellent  work  of  La  Lande ;  but  as  I  have  not 
that  performance  at  hand,  I  cannot  now  refer  to  the  place. 

Another  analogy  precifely  to  the  fame  effed,  and  deduced 
from  the  fame  principles,  may  be  feen  in  art.  249.  Book  V. 

Robertfon’s  Navigation,  and  under  the  article  Eccentri¬ 
city  in  Dr.  Hutton’s  Math,  and  Phil.  Dictionary.  It  nuift 
afford  great  fatisfadion  to  a  gentleman  of  Mr.  Pearfon’s  can¬ 
dour  and  liberality,  to  find  that  the  analogy  which  he  acci¬ 
dentally  ft  ruck  out,  is  the  converfe  of  one  which  admits  of  a 
fimilar  demonftration,  and  has  been  long  ufed  by  aftronomers 
as  an  eafy  and  excellent  approximation. 

I  am.  Sir, 

Your’s  with  much  refped, 

OLINTHUS  GREGORY. 
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the  BEAMS  OF  STEAM  TN'GINES. 


II. 


On  the  ConfiruHion  of  the  Beams  of  Steam  Engines.  By  Air. 
J.  C.  Horn  blower.  From  the  Author. 


Dear  Sir, 


The  framed  !e>» 
ver  here  de- 
fctibed  needs  no 


Hiftoncal  intro-  f  BFG  leave  through  (he  means  of  your  Journal,  to  lay  be¬ 
fore  the  public  an  account  of  the  framed  lever  mentioned  at 
the  clofe  of  the  article  Carpentry  in  the  fupplcmcnt  to  the 
Encyclopedia  Britannica,  as  it  was  originally  defigned  for  ail 
engine  to  have  been  erected  at  Amfterdam  in  the  year  1776, 
together  with  two  others,  poflfe fling  every  pofiible  advantage 
of  levers  confining  of  Email  (can ties, 

I  know  not  by  what  means  the  lever  above  referred  to 
^  come  l)e  conflru6ted  with  the  difadvantages  intimated  by  the 
hole  bored  in  it.  writer  of  that  article,  but  there  is  no  neceffity  for  a  hole  to  bo 
Odur  pameu-  bored,  ora  bolt  to  be  driven  in  any  part  of  the  framing  be¬ 
tween  the  arches,  except  for  the  chain  ftays.  The  wedges  a , 
h,  Fig.  1,  Plate  V.  thus  applied,  would  be  an  improvement, 
for  want  of  which  a  lever  of  this  fort  in  the  hands  of  a  negli¬ 
gent  engineman  had  one  of  its  joggles  forced  off,  the  (boulder 
of  the  tennon,  which  was  morticed  into  the  arch,  not  being  a 
joint  by  the  eighth  of  an  inch,  or  more ;  but  when  it  met  with 
the  arch  it  went  no  further,  and  continued  to  work  for  many 
years  under  a  great  load,  and  much  to  its  diladvantage  in  other 
re  (peels. 

The  length  of  this  lever  was  21  feet,  the  fcantles  were  12 


Dimenfions  of  a 

renYwcikmfn-  *nclies  b>'  6  »  of  the  whole  when  put  together  30  inches 

and  leverage  on  the  gudgeon  as  4  to  3.  This  laft  circum 


ff»ip 


Scantles 

load. 


and 


France  operated  much  againft  its  conftruftion,  by  giving  addi 
tional  force  againft  the  joggle  at  that  end,  but  had  it  beei 
framed  fix  inches  higher,  I  doubt  not  but  it  would  have  ftoo< 
to  this  day  under  all  its  difadvantages. 

The  fum  of  the  fcantles  is  18  by  12,  area  of  the  fection  21  ( 
inches,  column  of  water  in  four  lifts  4800  lb.  with  440fathom 
of  rods,  (pump  rods)  which  with  the  appendages  on  the  othe 
end,  added  to  the  power  neceffary  to  overcome  the  refifiance 
amount  to  about  feven  tons. 

But  a  much  fimpler,  and  in  fome  refpe&s  a  more  advan 
wdlm^e!'8,  *'  ^S60113  mocle of  framing  is  ihewn  at  Fig.  2,  and  may  be  con 

ftru&Q< 


Another  cm- 
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ftructed  with  or  vvi  thou  t  a  relies.  This,  with  little  variation,  is 
the  invention  of  a  Dutch  gentleman,  and  was  applied  to  the 
load  of  a  52  inch  cylinder  (an  atmofpherical  engine)  let  up 
with  advantages,  which  in  point  of  workmanfhip  at  that  time 
was  perhaps  not  equalled,  anti  therefore  may  be  laid  to  have 
been  fairly  tried. 

This  engine  was  calculated  to  raife  60,000  gallons  per  mi-  Dimenfions  and 
nute,  and  the  fcantles  were  1  8  by  12,  and  12  by  8,  and  where ,oad* 
tirch  timber  can  be  had,  it  is  hardly  to  be  expelled  to  have  a 
lever  with  greater  advantages  than  this  for  a  lingle  ftroke, 
and  where  a  double  ftroke  is  required,  it  may  be  doubled  for  Double con- 
that  purpofe,  retaining  all  its  principles  and  properties  as  inftlu^,on* 

Fig.  3.  which  1  luppofe  needs  no  explanation. 

Fig.  4.  is  a  lever  conftruCled  by  an  eminent  engineer  in  Strong  framed 
Hungary  fome  years  fince,  which  poffeffesa  very  great  degree  Ul  "U1~ 
of  fupport  by  the  king  pott  and  iron  braces,  but  does  not,  in 
my  opinion,  difeover  fo  much  fcience  as  the  two  preceding 
ones.  I  forgot  to  obferve,  that  inner  arches  may  be  attached 
to  Fig.  1.  without  materially  affecting  its  principle,  if  they 
are  well  let  on  the  whole  framing,  and  bolted  to  each  other 
without  pafling  through  the  fcantles, 

I  am,  SIR, 

Your  molt  obedient  Servant, 

J.  C.  HORNBLOWER. 

Eafi  Row,  City  Road,  Tuefday ,  May  11,  1802. 


III. 

On  the  Theory  of  Chemijiry.  In  a  Letter  from  the  Rev . 

J.  Priestley,  L.  L.  D.  F.  R.  5'.  SfC. 

To  Wm.  NICHOLSON,  Esq, 

Dear  Sir, 

In  October  laft  I  fent  you  a  reply  to  Mr.  Cruick thank’s  ob-  Reference  to 
fervations  on  one  of  my  arguments  in  fupport  of  the  doctrine  former  Jetter* 
of  phlogifton,  in  which  I  think  I  clearly  fliewed  that  he  fup- V°  **  ^ 

pofed  fixed  air  to  be  formed  in  circumftances  in  which  it  is 
impoflible  that  it  fhould  be  formed,  and  that  it  is  decompofed 
by  a  lubftance  which  has  no  fuch  power.  Having  juft  re¬ 
ceived 
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Mr.  Cru'ck- 
fhanlc  abandons 
water  ?s  the  foie 
fource  of  in¬ 
flammable  air. 

which  Lavoifier 
thought  efl'ential 
to  his  theory. 


Inference. 


ceived  a  letter  from  a  friend  in  Paris,  in  which  I  find  that 
great  account  is  made  of  the  obfervations  of  Mr.  Cruickfhank, 
fo  that  it  is  now  taken  for  granted  that  I  muft  accede  to  the 
new  theory,  I  beg  you  would  add  to  my  former  letter,  that 
Mr.  Cruickfhank  himfelf  abandons  the  mod  fundamental  prin¬ 
ciple  of  that  theory,  which  is,  that  the  only  fource  of  inflam¬ 
mable  air  of  any  kind  is  wafer  ;  and  he  makes  it  not  neceflary 
for  that  purpofe.  Mr.  Lavoifier,  treating  of  the  inflammable 
air  from  charcoal  and  water,  which  is  fimilar  to  that  from 
charcoal  and  finery  cinder,  fays,  ( Elements  of  Chymijlry,  p ,  87 
qf  the  En^lijh  tranjlation )  “  It  cannot  pollibly  be  dilengaged 
from  the  charcoal,  and  muft  confequently  be  produced  from 
the  water. ”  According  to  the  new  theory,  the  union  of 
oxigen,  which  is  fuppofed  to  come  from  the  finery  cinder,  with 
carbon  from  the  charcoal,  muft  form  fixed  air,  and  not  any 
kind  that  is  inflammable.  Mr.  Cruickfhank  therefore  muft 
abandon  the  new  theory,  in  order  to  maintain  his  peculiar 
hypothefts. 

If  I  do  not  receive  a  better  defence  of  this  new  theory  from 
its  able  fupporters  in  France,  I  fliall  conclude  it  to  be  inca¬ 
pable  of  defence,  and  that,  as  becomes  ingenuous  men,  they 
will  abandon  it,  as  Mr.  Cruickfhank  has  virtually  done, 

1  am,  dear  Sir, 

Your’s  fincerely, 

Northumberland,  Feb.  20,  1802.  J.  PRIESTLEY. 

P.  S.  I  have  not  any  Number  of  your  Journal  of  a  later  date 
than  that  for  April  laft. 


IV. 

Experiments  upon  the  tanning  Principle,  and  BcficSlions  upon  the 
Art  of  'Panning.  By  Cit.  Merat  Guillot,  Apothecary 
at  Auxerre. 

Prouft's  procefs  The  tedioufnefs  of  the  procefs  indicated  by  Mr,  Prouft  for 

for  obtaining  ta-  Staining  the  tanin,  induced  me  to  make  fome  experiments, 
mo  tedious.  b  9  r  ,  ,  } 

and  to  endeavour  to  find  a  more  fpeedy  method  of  procuring 

it ;  the  following  is  the  refult  of  my  inquiries ; 

IV  I 


ART  OF  TANNING. 


1 .  I  infufed  tan,  in  the  date  of  line  powder,  for  fome  hours  infufion  of  tan 

in  water ;  I  filtrated  this  folution,  anti  treated  it  with  lime  a^ords)  a  Prec‘“ 

T  t  .  •  ,  .  .  .  pitate  by  lime 

water  ;  1  obtained  a  precipitate  in  confiderable  abundance,  water. 

which  I  collected  upon  a  filtre,  dried,  and  afterwards  treated 

with  alcohol,  in  order  to  afcertain  whether  it  were  foluble  in 

this  menftruum  ;  but  the  alcohol  was  not  even  coloured  by  it. 

2.  Wifhing  to  afcertain  whether  the  lime  had  a  greater  affi-  Acids  difengage 
nity  for  the  acids  than  for  the  tannin  with  which  it  was  com-  a  Pulveru,ent 

i  •  *  j  r  j  i  r  i  ,  ..  „  ,  .  ,  matter  from  the 

bined,  1  treated  lour  drachms  of  the  precipitate  of  which  I  r,me 
have  fpoken  above,  with  nitric  acid  diluted  with  water,  with 
the  acid  of  a  very  gentle  heat ;  a  pretty  briik  effervefcence 
took  place  with  a  difengagement  of  carbonic  acid  gas  ;  after 
lour  hours  infufion,  I  filtrated  the  liquor,  which  had  afiumcd 
a  very  deep  tinge,  and  there  remained  upon  the  filtre  a  black 
pulverulent  fubfiance,  brilliant,  having  an  acerb  and  very  - 
(lightly  bitter  tafte  ;  this  refiduum  weighed  a  little  lefs  than 
two  grammes. 

3.  In  order  to  afcertain  whether  the  nitric  acid  had  d if- by  combining 
foived  any  lime,  I  treated  the  liquid  which  I  had  filtrated  Wltil  the  lime> 
with  the  acidulous  oxalate  of  potafh,  and  I  obtained  an  abun¬ 
dant  precipitate  ;  on  which  account  I  conjectured,  that  fince 

the  nitric  acid  had  diffolved  the  lime,  the  fubfiance  which  I 
had  obtained  upon  the  filtre  mufi  be  tanin,  as  the  precipitate 
obtained  by  the  mixture  of  the  lime-water  and  of  the  infufion 
of  tan,  was  produced  by  the  union  of  the  tanning  principle 
and  of  the  lime.  In  order  to  afcertain  this  point,  I  treated 
one  portion  of  it  with  water,  and  the  other  with  alcohol ;  I  let 
thefe  lubftances  infufe  in  the  fand  bath  for  twenty-four  hours: 
the  water  became  firongly  coloured,  and  the  alcohol  more  fo;  and  thepulveru. 
but  all  the  tannin  (hitherto  I  only  prefume  that  it  is  fiich)  was  !en^matter 
not  diffolved  ;  the  alcohol  diffolved  only  a  little  more  than 
half  of  it,  and  the  water  lefs.  I  treated  thefe  two  liquids, 
after  having  filtrated  them,  with  a  folution  of  glue,  and  I  ob¬ 
tained  a  precipitate  fimilar  to  that  which  is  obtained  by  mixing 
infufion  of  tan  with  the  fame  folution,  but  of  a  much  darker, 
colour,  and  a  little  lefs  elafiic.  When  I  treated  them  with 
the  muriate  of  tin,  I  obtained  a  precipitate  which  became 
gelatinous ;  when  I  treated  them  with  lime-water,  the  tanin 
combined  with  the  lime,  and  reproduced  the  tunate  of  lime 
already  formed. 

According 


How  obtained 

pure. 


According  to  thefe  properties,  could  I  doubt  that  this  was 
pure  tanin  ?  certainly  not,  fince  it  prefents  the  fame  refults  as 
that  obtained  by  the  procefs  of  Mr.  Proud. 

If  we  with  to  obtain  more  pure  tanin  than  that  which  is 
obtained  after  the  folutionof  the  lime  of  the  tanate  of  this  lub- 
ftance  by  an  acid,  the  infufion  in  alcohol  may  be  evaporated, 
and  vve  fhall  then  have  very  pure  tanin. 

The  muriatic  acid  has  prefented  me  with  the  fame  refult  as 
the  nitric. 

conjectures  that  The  rapidity  with  which  the  upper  leathers  of  fhocs  (cuirs 

lime  water  is  ad-  d'emptipnc)  are  tanned,  according  to  the  procefs  of  Citizen 
vantageous  in  ° 

taning  by  the  Lequin,  who,  in  manufacturing  them,  contents  himielr  with 
lime  combining  merely  fubje&ing  them  to  the  preparations  of  wartiing  and 
flefhing  by  lime  water,  without  fuffering  them  to  fwell,  and  af¬ 
terwards  tans  them,  led  me  to  prefume  that  in  this  cafe  a  com¬ 
bination  is  effected  of  tanin  with  the  lime  contained  in  the 
ikin  thus  treated,  befides  the  combination  of  the  tannin  with 
the  gelatine  contained  in  the  Ikin,  which  accelerates  this  fa¬ 
brication.  May  it  not  be  probable  according  to  this  notion, 
that  the  fabrication  of  leather  would  be  accelerated,  if  after 
having  fubje&ed  the  fkins  to  the  operations  of  wafhing  and 
flething  in  lime  water,  they  were  left  to  fwell  in  the  fpent  ooze 
or  water  in  which  the  old  bark,  which  has  already  ferved  for 
tanning  leather,  has  been  infufed.  In  this  cafe,  the  fmall 
quantity  of  tanin  diffolved  in  this  water  would  combine  with 
the  lime  with  which  the  Ikin  would  be  charged  in  proportion 
to  the  working,  and  would  form  a  tanate  of  lime.  The  fwel- 
ling  would  perhaps  be  effe6ted  by  this  means  with  a  little  lefs 
celerity  than  by  the  fulphuric  acid,  but  then  it  would  perhaps 
be  preferable,  from  the  circumfiance  that  the  Ikin  in  fwelling 
would  begin  to  charge  itfelf  with  tanin,  whereas  by  the  ful¬ 
phuric  acid,  the  lime  with  which  the  Ikin  is  impregnated, 
when  worked, — this  fubftance  dilTolved  in  water,  the  lime,  I 
fay,  combines  with  the  fulphuric  acid  employed  to  fwell  it, 
which,  I  prefume,  muft  give  to  the  leather  a  brittle  quality 
that  it  would  perhaps  not  have  if  the  other  procefs  were 
ufed.  Perhaps  alfo,  after  the  Ikins  have  fvvelled  in  the  ooze, 
this  completion  might  be  haftened  by  putting  them  firfl  into  the 
folution  of  tan,  as  Cit.  Lequin  does,  and  afterwards  fteeping 
them  alternately  in  lime  water  and  in  infufion  of  tan,  always 
taking  care  to  leave  them  but  a  fliort  time  in  the  lime-water, 

which 
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which  might  alter  them  if  they  were  left  in  it  too  long.  In 
this  cafe,  the  lime-water  with  which  the  leather  would  charge 
itfelf,  would  determine  a  more  fpeedy  precipitation  of  the 
tanin,  and  its  union  with  the  lime  as  well  as  with  the  gelatine 
contained  in  the  leather.  I  believe  all'o  that  by  this  means 
the  leather  would  acquire  more  weight,  a  quality  in  requell 
amongft  the  tanners,  and  perhaps  it  would  become  lefs  per¬ 
meable  to  water. 

Thefe  are  only  conjectures  which  I  advance,  as  they  appear 
to  me  to  be  dictated  by  the  theory  of  the  art  of  tanning.  In 
this  inftance  probably,  as  in  many  others,  the  practice  will  not 
correfpond  with  the  theory.  I  recommended  the  trial  to  ma¬ 
nufacturers,  and  lhall  make  it  myfelf  when  a  favourable  op¬ 
portunity  offers.  Annales  de  Chimie,  No.  123. 


V. 

On  the  Deftruftion  of  the  Grub  of  the  Cock-chafer .  ^Edward 
Jones,  Efq.  of  Wepre-Hall,  in  Flintfhire 

il  HE  grubs  of  the  cock-chafers  (or  brown  beetles)  are  white.  Defer! ptior.  of 
about  an  inch  in  length,  and  of  the  thieknefs  of  a  turkey’s  grub  of  the 
quill.  When  difturbed  they  contraCt  their  length,  and  their 
bodies  dilating,  appear  like  lumps  of  white  fat  f,  fomewhat 
oval. 

They  inhabit  fandy  and  light  loamy  foils,  lie  from  about  Situation., 
two  to  fix  inches  deep,  and  may  be  found  in  fpring,  by  paring 
off  the  fods. 

This  place  was  much  infefted  by  brown  beetles ;  but  about 
twelve  years  ago,  fome  labourers  removing  a  bank  of  earth, 
expofed  a  bed  of  grubs,  feveral  paces  in  length.  Many  of 
them  were  fcattered  among  the  fallen  foil ;  and  one  of  the 
men  propofed  to  drip  the  furface  of  the  bank,  which  being- 
done,  the  grubs  were  feen  lying  in  irriguous  channels,  as  it 
the  parent  infects  had  dropped  the  eggs  moving  in  various 
directions, 

*  Extracted  from  a  letter  to  the  Society  for  the  Encouragement 
of  Arts.  Tranf.  for  1801. 

f  Hence  the  Britilh  name  (t  Earth-Lard.” 


The 
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They  arc  the  fa-  The  fame  man  informed  me  that  they  were  the  favourite 
mole^e  l0°d  °**  ^00<^  °*  mo^es  >  ar)d  lie  defired  me  to  obferve  an  end  of  the 
bank  not  dripped  (being  covered  with  molehills)  ;  “  for  there 
no  beetle  grubs  would  be  follnd.,,  When  opened,  his  remark 
proved  true  : — the  moles  had  traced  all  the  labyrinths  of  the 
grubs. 


which  on  this 
account  deferves 
protc&ion. 


I  took  the  hint  for  the  prefervalion  of  my  foliage,  and  have 
ever  fi  nee  protected  the  race  of  moles.  The  brown  beetles 
gradually  decreafed,  and  are  now  rarely  feen  here.  I  have 
not  obferved  more  than  one  or  two  dragglers  in  the  two  lad 


General  habits 
of  moies. 


They  are  much 
on  the  furface 
while  the  grafs 
is  high. 


fprings. 

Some  notice  ol  the  habits  of  moles  may  be  acceptable  to  the 
Society,  as  it  has  been  faid  “  that  they  penetrate  deep  into 
the  earth  in  dry  weather;  rarely  quit  their  fublerraneous 
dwellings,  aud  have  few  enemies;” — and  “  that  they  do 
great  mifehief  in  gardens  and  corn-grounds.” 

I  have  always  found  that  in  hay  and  padure  grounds,  as  foon 
as  the  grafs  is  high  enough  to  cover  them,  they  run  upon  the 
furface,  where  they  find  their  food  in  the  numerous  caterpil¬ 
lars  and  infers  which  in  the  early  part  of  the  dimmer  crawl 


out  of  the  earth  ;  and  they  continue  above  ground  till  the  har- 
ved.  They  are  frequently  cut  by  the  feythe  ;  and  I  have  feen 
them  at  various  times  come  out  of  deep  hay  grafs  into  places 
recently  mown,  and,  perceiving  their  expofure,  endeavour  to 
conceal  themfelves  in  the  thorn  grafs. 

Do  not  dig  deep;  j  have  alfo  often  feen  moles  on  very  clofe  mown  grafs,  and 
bare  fpots  in  padure  land,  plunge,  when  alarmed,  among  the 
roots ;  following  their  path  (which  was  difcernible  by  the 
heaving  of  the  furface),  I  have  forced  them  out  occafionallv, 
to  try  the  depth  of  the  covering,  which  was  only  a  few  flireds 
of  roots. 

except  to  avoid  There  are  two  circumdances  that  may  oblige  moles  fome- 
fpade,°  &c.  *  *,mes  *°  penetrate  deeply  : — didurbed  foils  in  dimmer,  fuch 
as  in  gardens ;  and  ploughed  light  lands,  where  the  moles 
delve  in  purdiit  of  worms ;  and,  in  their  courfe,  they  mud 
unroot  and  dedroy  fome  plants ;  but  a  vigilant  gardener  and 
hufbandman  will  prevent  much  damage, 
fro  ft  C&c?C  I  he  other  caufe  of  their  digging  deep  is  frod,  which  they 

avoid,  or  it  would  kill  them.  I  have  found  them  in  winter, 
in  peat  foil,  two  and  three  feet  below  the  furface  ;  and  in  the 
hard  frod  of  1794-5  (cutting  deep  trenches  to  feparate 

ground^) 
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grounds),  I  found  moles  feveral  mornings,  that  had  worked 
through  and  fallen  into  the  trenches,  frozen  to  death. 

Their  fummer  emerfion  is  proved  by  the  birds  of  prey  :  Birds  of  prey  de- 

they  deftroy  great  numbers  of  moles.  This  year  there  were  ber-f white  abov" 
taken  out  of  one  kite's  neft  twenty-two  moles,  and  out  of  an- ground, 
other  fifteen,  fome  of  which  were  putrid ;  befides  many  frogs 
and  unfledged  birds. 

The  rapacity  of  the  kites  fhews  that  they  are  deftrudive 
enemies  to  the  moles,  which,  if  moles  arc  ferviceable  toman, 
fliould  be  known,  that  he  may  flay  his  arm. 

Moles  are  frequently  found  dead  upon  the  grafs  in  fummer, 
with  marks  of  having  been  bitten,  as  if  to  fuck  their  blood, 
but  with  no  part  of  their  bodies  confumed.  This,  1  fuppofe, 
is  done  by  weafels ;  and  the  following  (not  very  common) 
occurrence,  which  happened  in  the  fummer  of  1789,  tends  to 
prove  it :  — 

A  kite  was  obferved  riflng  from  the  ground  with  fome  prey.  Incident  of  a 
and  inflead  of  flying  to  an  adjoining  wood,  he  foared  almofl  j°te  deftr°ye^ 
perpendicularly.  After  remaining  a  fhort  time  flationary,  he 
came  gradually  down,  with  his  wings  extended  and  motion- 
Jefs,  and  dropt  very  near  the  place  from  which  he  had  rifen  *. 

Several  perfons  who  were  near,  and  faw  the  flight  and  de- 
fcent,  ran  immediately  to  the  fpot,  and  a  weafel  darted  from 
the  kite,  which  they  found  dead  ;  and  they  difcovered,  on 
examination,  that  the  kite  had  been  bit  in  the  throat,  and  bled 
to  death.  Near  it  they  found  a  dead  mole,  yet  warm,  which 
was  bitten  in  the  neck ;  and  they  concluded  that  the  weafel 
had  caufed  the  death  of  both. 

In  feveral  parts  of  the  kingdom  where  I  have  met  with  a  Brown  beetles 
great  number  of  brown  beetles,  moles  wrere  regularly  de-  ar.e  aourJdant 

.  °  J  where  the  moles 

flroyed  ;  and  in  Stafford  (hi  re,  being  fhown  feveral  large  trees  are  deftroyed. 
covered  by  beetles,  and  totally  defoliated,  I  enquired  whether 
they  deftroyed  the  moles  ?  The  anfwer  was,  that  they  did,  or 
they  fhould  be  over-run  with  them. 

The  lofs  of  foliage  not  being  of  great  confequence  to  the  Other  remarks* 
farmer,  he  is  fatisfied  that  his  turkeys  make  him  amends  in 
other  refpeds,  by  eating  the  brown  beetles,  of  which  theyare 
very  fond,  and  which  they  fwraliow  voracioufly. 

*  A  funilar  circumftance  was  mentioned  in  the  Chefter  papers, 
three  or  four  years  ago. 


A  gen- 
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A  gentleman  informed  me  lately,  that  rooks  alfo  eat  the 
beetles. 

But  thefe  means  are  confined  to  the  winged  beetle.  It 
appears  to  me  that  the  mole  is  the  only  certain  dedroyer  of 
the  grub. 

My  hay  and  pafture  grounds  are,  every  fpring,  thickly 
ftudded  with  mole  hillocks.  They  are  fcattered  in  the  ufual 
manner;  and  when  the  grades  are  up,  the  moles  ceate  to 
work,  and  fcarce  a  hillock  appears  till  after  harveft. 


VI. 

Methods  of  diminijhing  the  Irregularities  of  Time-Pieces,  arifing 
from  differences  in  the  Arc  of  Vibration  of  the  Pendulum .  Bj 
Mr.  Ezekiel  Walker. 

To  Mr.  NICHOLSON. 

SIR, 

Lynn  Regis,  May  17,  1802, 

Chronometers,  ,/\fTER  all  the  improvements  which  the  mechanifm  of 
&c.  rendered  ir-  1  •  ,  , 

regular  by  the  clocks  and  watches  lias  received,  there  are  dill  obftacles 
OIl*  which  dand  in  the  way  of  an  exa£t  performance.  The  ufe  of 

oil  in  chronometers  has  long  been  complained  of,  but  dill  re¬ 
mains  a  necedary  evil ;  and  that  variation  which  obtains  in  the 
arc  of  vibration  of  the  pendulum,  is  a  fourcc  of  much  error  in 
clocks. 

Tranfit  clock  at  The  tranfit  clock  at  Greenwich  fometimes  varies  in  its  femi- 
Greenwich  V2* 

ries  in  its  arc  of arc  vibration  twenty  minutes  in  a  year,  and  a  compound 
vibration.  pendulum  which  came  under  my  own  infpeftion  fome  years 
ago,  varied  in  its  arc  nearly  as  much. 

Old  remedy  for  Many  years  have  elapfed  dnee  it  was  difeovered,  that  the 
the  ir1**  0^or*  vibrations  were  performed  in  lefs  time  than  the  long  ones, 
and  methods  were  ufed  to  remove  the  inconvenience.  Huy¬ 
gens  propofed  a  method  by  which  the  centre  of  ofcillation 
might  be  made  to  vibrate  in  the  arc  of  a  cycloid,  and  demon- 
drated  that  a  pendulum  moving  in  that  curve,  would  perform 
all  its  vibrations,  whether  long  or  fhort,  in  equal  times:  and 
others  propofed  to  remove  the  evil  bv  a  peculiar  form  of  the 
pallats. 


Thefe 


ON  THE  IRREGULARITIES  OF  TIME. 


Thcfe  contrivances,  liovv  ingenious  foever  they  may  appear  of  Little  pratti- 
in  theory,  have  not  anfwered  any  good  purpofe  in  practice  ; cal  UClllty* 
but,  what  may  be  impracticable  to  perform  by  one  method, 
may  not  be  found  lo  by  another. 

The  fpring  by  which  the  pendulum  is  fufpended  feems  ca-  Propofed  remedy 

pable  of  receiving  Inch  improvement,  as  would  render  the  ^  acco!nm.t)"  . 

.  1  '  dating  the  flexi- 

Iong  and  fliort  vibrations  ifochronal,  without  any  other  altera-  bility  of  the 
lion  in  the  mechanifm  of  the  clock.  This  improvement  con-  fpnng  of  fufpen- 
fifts  in  cutting  the  fpring  broader  at  the  top  than  at  -the  bot¬ 
tom,  that  it  may  not  bend  totally  at  the  point  of  fufpenfion. 

The  pendulum  would,  in  that  cafe,  when  in  motion,  become 
fhorter  at  the  ends  of  the  arc,  confequently  it  would  no  longer 
vibrate  in  the  arc  of  a  circle,  and  on  this  account  there  is 
fome  reafon  for  fuppofing  that  the  long  vibrations  would  be 
performed  in  lefs  time  than  they  were  before. 

When  this  method  is  put  in  praCtice,  the  fpring  fliould  be  Method  of  ad*- 
made  fo  broad  at  the  point  of  fufpenfion  at  fir  ft,  that  the  Iong^ufl:rnent* 
vibrations  may  be  performed  in  lefs  time  than  the  fliort  ones, 
and  then  made  narrower  till  all  the  vibrations  be  performed  in 
equal  times.  But  I  fuppofed  that  this  method  would  be  at¬ 
tended  with  much  trouble,  and  that  it  would  be  better  to  re¬ 
move  the  caufe  than  to  counteract  its  effects. 

When  I  made  obfervations  on  the  pendulum  above-men- Influencing 
tioned,  I  found  that  it  was  much  influenced  by  the  weather.  caule> 

In  cold  and  moift  weather  it  moved  through  a  larger  arc,  than 
when  the  atmofphere  was  dry  and  warm. 

As  all  metals  alter  their  dimenfions,  and  confequently  their  fuppofed  to  ope- 
elaflic  force  by  heat  and  cold,  it  follows  that  that  part  of  the  ^ 

clock  called  the  crutch ,  would  act  more  forcibly  on  the  pen¬ 
dulum  in  cold  weather  than  in  warm  ;  and  it  feems  probable, 
that  this  variation  would  be  greater  in  a  weak  crutch  than  in  a 
ftrong  one. 

About  feven  years  ago  having  a  regulator  made  by  Mr.  Experiment 
James  Bullock,  of  Holborn,  and  being  delirous  of  putting  my  w‘th  *  regulator- 
theory  to  the  teft  of  experience,  1  had  the  crutch  made  ex¬ 
ceedingly  ftrong,  and  firmly  connected  with  the  pallats,  that 
the  maintaining  power  of  the  clock  might  be  communicated  to 
the  pendulum  uniformly  in  all  dates  of  the  atmofphere.  The 
clock  cafe  is  made  very  thick  of  folid  mahogany,  and  upon 
the  riffing  board  *,  which  is  two  inches  thick,  hands  an  an- 

*  The  board  on  which  the  wheel -work  hands. 
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Importance  of 
general  princi¬ 
ples  in  feience. 


Objeft  cf  the 
prefent  diflerta 
tion. 


gular  piece  of  brafs  (thus  to  fupport  the  pendulum.  This 
fupport  is  made  fad  with  (crews  to  the  rijing-board  at  the  bot¬ 
tom,  and  to  the  frame-plat  r  of  the  clock  at  the  top.  Who  in¬ 
vented  this  fupport  1  know  not,  but  it  appears  a  very  excellent 
method  of  giving  (lability  to  the  point  of  (ufpenlion  ot  the 
pendulum. 

This  clock  has  now  been  going  near  feven  years.  It  vibrates 
1°  49'  on  each  fide  of  the  perpendicular,  from  which  I  have 
not  feen  it  vary  more  than  2' ,  except  once  in  a  very  hard  (rod, 
and  as  it  feldom  varies  (o  much  as  2'  in  its  femi-arc,  this  caufe 
of error  in  the  pendulum  (eemsto  be  very  nearly  removed.  It 
has  been  cleaned  only  once  fince  it  came  into  my  pofleflion, 
but  this  made  no  alteration,  either  in  its  arc  of  vibration  or  its 
rate  of  going. 

I  am,  with  much  relpcci. 

Sir, 

Your  vorv  humble  fervant, 

EZEKIEL  WALKER. 


VII. 

On  the  Theory  of  Light  and  Colours*.  By  Thomas  Young, 
AT.  D.  F.  R.  S.  Profejfor  of  Natural  Philofophy  in  the  Royal 
InJUtutioiL 

Al-  THOUGH  the  invention  of  plaufible  hypothefes,  inde¬ 
pendent  of  any  connection  with  experimental  obfervations, 
can  be  of  very  little  ufe  in  the  promotion  of  natural  know¬ 
ledge  ;  yet  the  dikoverv  of  limple  and  uniform  principles,  by 
which  a  great  number  of  apparently  heterogeneous  phenome¬ 
na  are  reduced  to  coherent  and  univerfal  laws,  mud  ever  be 
allowed  to  be  of  confiderable  importance  towards  the  im¬ 
provement  of  the  human  intellect. 

The  object  of  the  prefent  dilfertation  is  not  fo  much  to  pro- 
pofe  any  opinions  which  are  abfolutely  new',  as  to  refer  fome 
theories,  which  have  been  already  advanced,  to  their  original 
inventors,  to  fupport  them  by  additional  evidence,  and  to  ap¬ 
ply  them  to  a  great  number  of  diver  tided  fa6ts,  which  have 
hitherto  been  buried  in  obfeurity.  Nor  is  it  abfolutely  ne- 

*  In  fupport  of  the  truth  of  that  hypothefis,  which  aferibes  the 
phenomena  to  unduhtory  motions  of  an  extremely  elaftic  and  rare 
fluid.  From  the  Philof.  Tranf.  180 2. — N, 
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O’ftary  in  this  inftance  to  produce  a  fmglc  new  experiment; 
for  of  experiments  there  is  already  an  ample  (tore,  which  are 
fo  much  the  more  unexceptionable,  as  they  mu  ft  have  been 
conducted  without  the  Ieaft  partiality  for  the  fyftem  by  which 
they  will  be  explained ;  yet  fome  facts,  hitherto  unobferved, 
will  be  brought  forwards,  in  order  to  fhew  the  perfect  agree¬ 
ment  of  that  fyftem  with  the  multifarious  phenomena  of  nature. 

The  optical  obfervations  of  Newton  are  yet  unrivalled  ;  Excellence  of 

the  optical  ob- 

.  #  .  fervations  of 

eftimation,  as  we  compare  them  with  later  attempts  to  im- Newton. 

prove  on  them.  A  further  conftderation  of  the  colours  of 
thin  plates,  as  they  are  deferibed  in  the  fecond  book  of  New¬ 
ton’s  optics,  has  converted  that  prepofteftion  which  I  before 
entertained  for  the  undulatory  fyftem  of  light,  into  a  very 
ftrong  conviction  of  its  truth  and  fufHciency ;  a  conviction 
which  has  been  fincc  moft  ftrikingly  confirmed,  by  an  analyfts 
of  the  colours  of  ftriated  fubftances.  The  phenomena  of  thin  Phenomena  «f 
plates  are  indeed  fo  fingular,  that  their  general  complexion  is  thm  places* 
not  without  great  difficulty  reconcileable  to  any  theory,  how¬ 
ever  complicated,  that  has  hitherto  been  applied  to  them  ;  and 
fome  of  the  principal  circumftances  have  never  been  explained 
by  the  moft  gratuitous  aftumptions  ;  but  it  will  appear,  that  the 
minuteft  particulars  of  thefe  phenomena  are  not  only  perfectly 
conftftent  with  the  theory  which  will  now  be  detailed,  but 

j 

that  they  are  all  the  neceflary  confequences  of  that  theory, 
without  any  auxiliary  fuppofttions  ;  and  this  by  inferences  fo 
fimple,  that  they  become  particular  corollaries,  which  lcarccly 
require  a  diftimft  enumeration. 

A  more  extenftve  examination  of  Newton’s  various  writ-  Newton  fii-ft 

ings  lias  fhown  me,  that  he  was  in  reality  the  firft  that  fuggeft-^gefte^ffie 

.  .  T  ,i  .  J  ,  i  •  theory  of  undu- 

ed  lucli  a  theory  as  I  than  endeavour  to  maintain  ;  that  his  ownjation. 

opinions  varied  lefs  from  this  theory  than  is  now  a.lmoft  urft- 
verfally  fuppofed  ;  and  that  a  variety  of  argu  merits  TaveiSeen 
advanced,  as  if  to  confute  him,  which  may  be  found  nearly  in 
a  firnilar  form  in  his  own  works ;  and  this  by  no  lefs  a  mathe¬ 
matician  than  Leonard  Euler,  whofe  fyftem  of  light,  as  far  as£uler. 
it  is  worthy  of  notice,  either  was,  or  might  have  been,  wholly 
borrowed  from  Newton,  Hooke,  Huygens,  and  Malebranche. 

Thofe  who  are  attached,  as  they  may  be  with  the  greateft  Reference  to  the 
juftice,  to  every  doctrine  which  is  ftamped  with  the  Newto-  ^rlcs  New" 
nian  approbation,  will  probably  be  difpofed  to  beftow  on  thefe 

confi  deration 


and,  excepting  fome  cal'ual  inaccuracies,  they  only  rife  in  our 
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confi  derations  fo  much  the  more  ol  their  attention,  as  they  ap¬ 
pear  to  coincide  more  nearly  with  Newton’s  own  opinions. 
For  this  reafon,  after  having  briefly  ftated  each  particular  po-> 
fition  of  my  theory,  I  ihall  colled,  from  Newton’s  various 
writings,  fuch  paflages  as  feem  to  be  the  mod  favourable  to  its 
admifiion  ;  and,  although  1  rtiall  quote  fome  papers  which  may 
be  thought  to  have  been  partly  retraded  at  the  publication  of 
the  optics,  yet  I  (lia.il  borrow  nothing  from  them  that  can  be 
fuppofed  to  militate  againft  his  maturer  judgment. 


HYPOTHESIS  I. 

A  luminiferous  Ei/ter  pervades  the  Univerfe,  rare  and  elajiic  in  a 

/ugh  degree. 


Hvpoth.  T. 
Univerfality  of 
the  ether. 


Paflages  from  Newton . 

<e  The  hypothecs  certainly  has  a  much  greater  affinity  with 
“  his  own,”  that  is.  Dr.  Hooke’s,  “  hypothefis,  than  he  feem s 
“  to  be  aware  of;  the  vibrations  of  the  ether  being  as  ufeful 
“  and  neceflary  in  this  as  in  his.”  (Phil.  Tranf.  Vol.  VII. 
p.  5087,  Abr.  Vol.  I.  p.  145.  Nov.  1672.) 

Ci  To  proceed  to  the  hypothefis  :  firff,  it  is  to  be  fuppofed 
“  therein,  that  there  is  an  ethereal  medium,  much  of  the  fame 
conditution  writh  air,  but  far  rarer,  fubtler,  and  more  drongly 
elaftic.  It  is  not  to  be  fuppofed,  that  this  medium  is  one 
uniform  matter,  but  compounded,  partly  of  the  main  phlcg- 
f‘  maticbody  of  ether,  partly  of  other  various  ethereal  fpirits, 
“  much  after  the  manner  that  air  is  compounded  of  the  phleg- 
**  matic  body  of  air,  intermixed  with  various  vapours  and  ex¬ 
halations  :  for  the  eledric  and  magnetic  effluvia,  and  gravi¬ 
tating  principle,  feem  to  argue  fuch  variety.”  (Birch.  Hid. 
ofR.S.  Vol.  III.  p.  249.  Dec.  1675.) 

“  Is  not  the  heat  (of  the  warm  room)  conveyed  through  the 
poled  by  New-  **  vacuum  by  the  vibrations  of  a  much  fubtiler  medium  than 

th.eether!H°U  °*“  air-?  Anc*  is  not  met^*um  the  fame  with  that  medium  by  . 

“  which  light  is  refraded  and  reflected,  and  by  whofe  vibra- 
“  tions  light  communicates  heat  to  bodies,  and  is  put  into  dts 
“  of  eafy  reflection,  and  eafy  tranfmiffion  ?  And  do  not  the  vi- 
“  brations  of  this  medium  in  hot  bodies,  contribute  to  the  in- 
“  tenfenefs  and  duration  of  their  heat?  And  do  not  hot  bodies 
“  communicate  their  heat  to  contiguous  cold  ones,  by  the  vi- 
“  brations  of  this  medium  propagated  from  them  into  the  cold 
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'*  ones  ?  And  is  not  this  medium  exceedingly  more  rare  and 
<f  fubtile  than  the  air,  and  exceedingly  more  elaflic  and  adtive? 
“  And  doth  it  not  readily  pervade  all  bodies  ?  And  is  it  not, 

"  by  its  elaftic  force,  expanded  through  all  the  heavens  ? — 
"  May  not  planets  and  comets,  and  all  grofs  bodies,  perform 
“  their  motions  in  this  ethereal  medium  ?  And  may  not  its  re- 
'*  fiftance  be  fo  fmall,  as  to  be  inconfiderable  ?  For  inftance,  if 
“  this  ether  (for  fo  I  will  call  it)  fhould  be  fuppofed  700,000 
times  more  elaflic  than  our  air,  and  above  700,000  times 
“  more  rare,  its  refinance  would  be  about  600,000,000  lefs 
“  than  that  of  water.  And  fo  fmall  a  refi fiance  would  fcarce 
“  make  any  fenfible  alteration  in  the  motions  of  the  planets,  in 
“  ten  thoufand  years.  If  any  one  would  afk  how  a  medium 
f(  can  be  fo  rare,  let  him  tell  me,  How  an  ele&ric  body  can  by  , 
“  friction  emit  an  exhalation  fo  rare  and  fubtile,-  and  yet  fo 
“  potent  ?  And  how  the  effluvia  of  a  magnet  can  pafs  through 
tc  a  plate  of  glafs  without  refiftance,  and  yet  turn  a  magnetic 
“  needle  beyond  the  glafs?”  (Optics,  Qu.  18,  22.) 


HYPOTHESIS  II. 

Undulations  are  excited  in  this  Ether  whenever  a  body  becomes 

luminous. 


Scholium.  I  ufe  the  word  undulation,  in  preference  to  vi- Hypoth.  II. 
bration,  becaufe  vibration  is  generally  underftood  as  implying  a  confifts 

45  J  .  r  J  °  in  ethereal  un- 

motion  which  is  continued  alternately  backwards  and  forwards,  dulation. 
by  a  combination  of  the  momentum  of  the  body  with  an  acce¬ 
lerating  force,  and  which  is  naturally  more  or  lefs  permanent; 
but  an  undulation  is  fuppofed  to  confifi  in  a  vibratory  motion, 
iranlmitted  fucceffively  through  different  parts  of  a  medium, 
without  any  tendency  in  each  particle  to  continue  its  motion, 
except  in  confequence  of  the  tranfmiffion  of  fucceeding  undu¬ 
lations,  from  a  dill in£t  vibrating  body ;  as,  in  the  air,  the  vi¬ 
brations  of  a  chord  produce  the  undulations  conftituting 
found. 


Newton.  Light. 


Pajfages  from  Newton . 

rr  Were  I  to  affume  an  hypothecs,  it  fhould  be  this>  if  pro-  Detail  of  the 
“  peunded  more  generally,  fo  as  not  to  determine  what  light  liypoth.  by  ^ 
<c  is,  further  than  that  it  is  fomething  or  other  capable  of  ex- 
"  citing  vibrations  in  the  ether;  for  thus  it  will  become  fo  ge- 
"  neral  and  comprehenfive  of  other  hypothefes,  as  to  leave 
**  little  room  for  new  ones  to  be  invented.”  (Birch.  Vol*  III. 
p.  249.  Dec,  1675.) 

Vol  II. — June,  1802.  G  “  In 
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Vibrations  com-  **  In  the  fecond  place,  it  is  to  be  fuppofed,  tliat  the  ether 
•f  found ^  lh°^C  <(  a  v*brating  medium  like  air,  only  the  vibrations  far  more 
"  fwift  and  minute  ;  thofe  of  air,  made  by  a  man's  ordinary 
"  voice,  fucceeding  one  another  at  more  than  halt  a  toot,  or  a 
lt  foot  diftance;  but  thofe  of  ether  at  a  lefs  diltance  than  the 
li  hundred  thoufandth  part  of  an  inch.  And,  as  in  air  the  vi- 
<l  brations  are  fome  larger  than  others,  but  yet  all  equally  fwift, 
“  (for  in  a  ring  of  bells  the  found  of  every  tone  is  heard  at  two 
“  or  three  miles  diftance,  in  the  fame  order  that  the  bells  are 
“  ft  ruck),  to,  I  fuppofe,  the  ethereal  vibrations  differ  in  big- 
“  nets,  but  not  in  fwiftnefs.  Now,  thefe  vibrations,  betide 
“  their  ufe  in  reflexion  and  refraction,  may  be  fuppofed  the 
<s  chief  means  by  which  the  parts  of  fermenting  or  putriiying 
“  fubftances,  fluid  liquors,  or  melted,  burning,  or  other  hot 
tf  bodies,  continue  in  motion. ”  (Birch.  Vol.  III.  p.  25  J. 
Dec.  1675). 

- reflection,  “  When  a  ray  of  light  falls  upon  the  turface  of  any  pellucid 

refraction  j  ((  foody,  and  there  refracted  or  reflected,  may  not  waves  of 
*(  vibrations,  or  tremors,  be  thereby  excited  in  the  refracting 
“  or  reflecting  medium  ?  And  are  not  thefe  vibrations  propa- 
"  gated  from  the  point  of  incidence  to  great  diftances  ?  And 
“  do  they  not  overtake  the  rays  of  light,  and  by  overtaking 
'*  them  fucceffively,  do  not  they  put  them  into  the  fitsofeafy 
“  reflection  and  eafy  tranfmiftion  described  above  }”  (Optics, 
Qu.  17). 

and  the  alter-  **  Light  is  in  fits  of  eafy  reflection  and  eafy  tranfmiftion,  be- 
nate  fits.  a  fore  its  incidence  on  tranfparent  bodies.  And  probably  it  is 

“  put  into  fuch  fits  at  its  firft  emiftion  from  luminous  bodies, 
“  and  continues  in  them  during  all  its  progrefs.”  (Optics, 
Second  Book,  Part  III.  Prop.  13.) 

HYPOTHESIS  HI. 

The  Senfation  of  different  Colours  depends  on  the  different  frequency 
of  Vibrations,  excited  by  Light  in  the  Iietina. 

'  Puffages  from  Neivton , 

Hypoth.  III.  **  The  objector’s  hypothecs,  as  to  (he  fundamental  part  of 

Colour  depends  fos  not  againft  me.  That  fundamental  fuppofition  is,  that 

on  the  frequency  ,  °  ..  .  .  ,  rr  . 

of  the  ethereal  the  Parts  of  bodies,  when  brifkly  agitated,  do  excite  vibrations 

vibrations.  in  the  ether,  which  are  propagated  every  way  from  thofe  bo¬ 
dies  in  ftraight  lines,  and  caufe  a  fenfktion  of  light  by  beating 

and 
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and  dafhing  againf!  the  bottom  of  the  eye,  fomething  after  the 
manner  that  vibrations  in  the  air  caufe  a  fenfation  of  found  by 
beating  againf!  the  organs  of  hearing.  Now,  the  moil  free 
and  natural  application  of  thish^pothefis  to  the  folution  of  phe¬ 
nomena,  I  take  to  be  this :  that  the  agitated  parts  of  bodies, 
according  to  their  feveral  fizes,  figures,  and  motions,  do  ex¬ 
cite  vibrations  in  the  ether  of  various  depths  or  bigneffes,  particular  deve- 
which,  being  promifcuoufly  propagated  through  that  medium  IoPemcnt  > 
to  our  eyes,  effect  in  us  a  fenfation  of  light  of  a  white  colour  ; 
but  if  by  any  means  thofe  of  unequal  bignefles  be  feparated 
from  one  another,  the  large!!  beget  a  fenfation  of  a  red  colour,- 
the  lead  or  fliortef!  of  a  deep  violet,  and  the  intermediate  ones 
of  intermediate  colours ;  much  after  the  mannner  that  bodies,  as  in  found, 
according  to  their  feveral  fizes,  fhapes,  and  motions,  excite  vi¬ 
brations  in  the  air  of  various  bigneffes,  which,  according  to 
thofe  bignelfes,  make  feveral  tones  in  found :  that  the  large!! 
vibrations  are  be!!  able  to  overcome  the  refiltance  of  a  refraCt-  Various  refran- 
ing  fuperficies,  and  fo  break  through  it  with  leaf!  refraction ; 
whence  the  vibrations  of  feveral  bignelfes,  that  is,  the  rays  of 
leveral  colours,  which  are  blended  together  in  light,  mu!!  be 
parted  from  one  another  by  refraCtion,  and  fo  caufe  the  phe¬ 
nomena  of  prifms,  and  other  refraCting  fubftances ;  and  that  it  Thin  tranfpa- 
depends  on  the  thicknefs  of  a  thin  tranfparent  plate  or  bubble,  rentPiates* 
whether  a  vibration  fhall  be  reflected  at  its  further  fuperficies, 
or  tranfmitted  ;  fo  that,  according  to  the  number  of  vibrations, 
interceding  the  two  fuperficies,  they  may  be  reflected  or  tranf¬ 
mitted  for  many  fucceflive  thickneffes.  And,  fince  the  vibra¬ 
tions  which  make  blue  and  violet,  are  fuppofed  lhorter  than 
thofe  which  make  red  and  yellow,  they  muf!  be  reflected  at  a 
lefs  thicknefs  of  the  plate  :  which  is  fufficient  to  explicate  all 
the  ordinary  phenomena  of  thofe  plates  or  bubbles,  and  alfo  of 
all  natural  bodies,  whofe  parts  are  like  fo  many  fragments  of 
fuch  plates.  Thefe  feem  to  be  the  moft  plain,  genuine,  and 
neceffary  conditions  of  this  hypothefis.  And  they  agree  fo 
juftly  with  my  theory,  that  if  the  animadverfor  think  fit  to 
apply  them,  he  need  not,  on  that  account,  apprehend  a  divorce 
from  it.  But  yet,  how  he  will  defend  it  from  other  difficulties, 

I  know  not.”  (Phil.  Tranf.  Vol.  VII.  p.  5088.  Abr.  Vol,  I. 
p.  145.  Nov.  1672.) 

“  To  explain  colours,  I  fuppofe,  that  as  bodies  of  various  Repetition 
fizes,  denflties,  or  fenfations,  do  by  percuffion  or  other  aCtion 

G  2  excite 
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excite  founds  of  various  tones,  and  confequently  vibrations  in 
the  air  of  different  bigrrefs;  fp  tiie  rays  of  light,  by  impinging 
on  the  ffiff  refracting  fuperficies,  excite  vibrations  in  the  ether, 
of  various  bignefs ;  the  biggeff,  ffrongeff,  or  moil  potent  rays, 
the  Iargeft  vibrations ;  and  others  fkorter,  according  to  their 
bignefs,  ffrength,  or  power :  and  therefore  the  ends  of  the  ca- 
pillamcnta  of  the  optic  nerve,  which  pave  or  face  the  retina, 
being  fuch  refracting  fuperffeies,  when  the  rays  impinge  upon 
them,  they  muff;  there  excite  thefe  vibrations,  which  vibrations 
(like  thofe  of  found  in  a  trunk  or  trumpet)  will  run  along  the 
aqueous  pores  or  cryftalline  pith  of  tire  capillamenta,  through 
the  optic  nerves,  into  the  fenforium ;  and  there,  I  fuppole, 
affect  the  fenfe  with  various  colours,  according  to  their  bignefs 
and  mixture;  the  biggeff  with  the  ffrongeff.  colours,  reds. and 
yellows;  tiie  leaf!  with  the  weakeff,  blues  and  violets ;  the 
middle  with  green;  and  a  confufion  of  all  with  white,  much 
after  the  manner  that,  in  the  lenfe  of  hearing,  nature  makes 
uie  of  aerial  vibrations  of  fevcral  bignelfes,  to  generate  founds 
of  divers  tones;  for  the  analogy  of  natjurc  is  to  be  obferved.” 

*  (Birch,  Vol.  III.  p.262,  Dec.  1675.) 

“  Conff dering  the  laffingnefs  of  the  motions  excited  in  the 
bottom  of  the  eye  by  light,  are  they  not  of  a  vibrating  nature  ? 
Do  not  the  moft  refrangible  rays  excite  the  fhorteff  vibrations, 
— the  leaft  refrangible  the  largeff  ?  May  not  the  harmony  and 
difeord  of  colours  arife  from  the  proportions  of  the  vibrations 
propagated  through  the  fibres  of  the  optic  nerve  into  the 
brain,  as  the  harmony  and  difeord  of  founds  arife  from  the 
proportions  of  the  vibrations  of  the  air?”  (Optics,  Qu. 
16,  13,  14.) 

Scholium.  The  Scholium.  Since,  for  the  rcafon  here  affigned  by  Newton, 

parts  of  the  re-  ^  -g  probable  that  the  motion  of  the  retina  is  rather  of  a  vibra- 
tina  being  pro-  * 

bably  capable  of  tory  than  of  an  undulatory  nature,  the  frequency  of  the  vibra- 
vi  bra  ting  in  uni-  tions  muff  be  dependent  on  the  conffitution  of  this  fubffance. 

mited  number  0f  Now,  as  it  is  almoff  impoffible  to  conceive  each  fenfitive  point 
colorific  mo-  of  tiie  retina  to  contain  an  infinite  number  of  particles,  each  ca¬ 
pable  of  vibrating  in  perfect  unifon  with  every  poffible  undu¬ 
lation,  it  becomes  neceffary  tofuppofe  the  number  limited,  for 
inffance,  to  the  three  principal  colours,  red,  yellow,  and  blue, 
of  which  the  undulations  are  related  in  magnitude  nearly  as 
the  numbers  8,  7,  and  6  ;  and  that  each  of  the  particles  is  ca¬ 
pable  of  being  put  in  motion  lefs  or  more  forcibly,  by  undula¬ 
tions 
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tions  differing  lefs  or  more  from  a  perfect  unifon  ;  for  indance, 

the  undulations  of  green  light  being  nearly  in  the  ratio  of  6f, 

will  affect  equally  the  particles  in  unifon  with  yellow  and  blue, 

and  produce  the  fame  effect  as  a  light  compofed  of  thofe  two 

fpecies :  and  each  fenfitive  filament  of  the  nerve  may  con  fid 

of  three  portions,  one  for  each  principal  colour.  Allowing  this  it  is  not  to  be 

fiatement,  it  appears  that  any  attempt  to  produce  a  muficalcxpedted  ch:ft 

,  _  r  r  i  r  colours  can  have 

effect  from  colours,  mud  be  unfuccefsful,  or  at  lead  that  no-  a  mufiCal  effects 
thing  more  than  a  very  fimple  melody  could  be  imitated  by 
them  ;  for  the  period,  which  in  fadf  confiitutes  the  harmony  of 
any  concord,  being  a  multiple  of  the  periods  of  the  fingle  undu¬ 
lations,  would  in  this  cafe  be  wholly  without  the  limits  of  fym- 
pathy  of  the  retina,  and  would  lofe  its  effe<5t ;  in  the  fame 
manner  as  the  harmony  of  a  third  or  a  fourth  is  dedroyed,  By 

depreffing  it  to  the  lowrefi  notes  of  the  audible  feale.  In  hear-  Tbe  car  not  pe*- 
-  ,,  r  .  v  .  r  manently  affe&. 

mg,  there  feems  to  be  no  permanent  vibration  of  any  part  ed> 

of  the  organ. 

HYPOTHESIS  IV. 

All  material  Bodies  have  an  attraction  for  the  ethereal  Medium,  Hypoth.  IV. 
by  means  of  which  it  is  accumulated  within  their  fubftance,  and  ei^ndty 

for  a /mail  Diftance  around  them ,  in  a  State  of  greater  Denfity,  of  the  ether,  is 
but  not  of  greater  Elafiicity.  greater  within 

It  has  been  (hewn,  that  the  three  former  hypothefes,  which  bodies, 
may  be  called  effential,  are  literally  parts  of  the  more  compli¬ 
cated  Newtonian  fyftem.  This  fourth  hypothefis  differs  per¬ 
haps  in  fome  degree  from  any  that  have  been  propofed  by  for¬ 
mer  authors,  and  is  diametrically  oppofite  to  that  of  Newton  ;  Newton  fup- 
but,  both  being  in  themlelves  equally  probable,  the  oppofition  P°^ed  con* 
is  merely  accidental ;  and  it  is  only  to  be  inquired  which  is  the1  * 
bed  capable  of  explaining  the  phenomena.  Other  fuppodtions 
might  perhaps  be  fubfhtuted  for  this,  and  therefore  I  do  not 
condder  it  as  fundamental,  yet  it  appears  to  be  the  dmpled  and 
bed  of  any  that  have  occurred  to  me. 


PROPOSITION  1/ 


All  impulfes  are  propagated  in  a  homogeneous  elaftic  Medium  with 

an  equable  velocity. 

Every  experiment  relative  to  found  coincides  with  the  ob- 
fervation  already  quoted  from  Newton,  that  all  undulations  are 
propagated  through  the  air  with  equal  velocity  ;  and  this  is  fur- 

G  3  ther 


Propof.  I.  Im» 
pulfe  is  propa¬ 
gated  uniformly 
in  an  h  jmoge- 
neous  elaftic 
medium. 
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Law  of  the  ve¬ 
locities  U  uiffer 
ent  mediums. 


Undulations  do 
not  mix. 


Prop.  II.  Na¬ 
ture  of  undula 
tion. 


thcr  confirmed  by  calculations.  (Lagrange,  Mifc.  Taur.  Vol.  I. 
p.  91 .  Alfo,  much  more  corcifely,  in  my  Syllabus  of  a  courfe 
of  Lectures  on  Natural  and  Experimental  Philofophy,  about  to 
be  published.  Article  289.)  If  the  impulfe  be  fo  great  as  ma¬ 
terially  to  difturb  the  denfity  of  the  medium,  it  will  be  no  longer 
homogeneous ;  but,  as  far  as  concerns  our  fenfes,  the  quantity 
of  motion  may  be  confidered  as  infinitely  fmall.  It  is  furprifing 
that  Euler,  although  aware  of  the  matter  of  fafr,  fhould  Hill 
have  maintained,  that  the  more  frequent  undulations  are  more 
rapidly  propagated.  (Theor.  muf.  and  Conjeft.  phys.)  It  is 
poflible,  that  the  actual  velocity  of  the  particles  of  luminife¬ 
rous  ether  may  bear  a  much  lefs  proportion  to  the  velocity  of 
the  undulations  than  in  found ;  for  light  may  be  excited  by  the 
motion  of  a  body  moving  at  the  rate  of  only  one  mile  in  the 
time  that  light  moves  an  hundred  millions. 

Scholium  1 .  It  has  been  demonftrated,  that  in  different  me¬ 
diums  the  velocity  varies  in  the  fubduplicate  ratio  of  the  force 
direftly,  and  of  the  denfity  inverfely.  (Mifc.  Taur.  Vol.  I. 
p.  91.  Young's  Syllabus.  Art.  294-.) 

Scholium  2.  It  is  obvious,  from  the  phenomena  of  elaftic 
bodies  and  of  founds,  that  the  undulations  may  crofs  each  other 
without  interruption.  But  there  is  no  neceffity  that  the  vari¬ 
ous  colours  of  white  light  fhould  intermix  their  undulations ; 
for,  fuppofing  the  vibrations  of  the  retina  to  continue  but  a 
five  hundredth  of  a  fecond  after  their  excitement,  a  million 
undulations  of  each  of  a  million  colours  may  arrive  in  diftinft 
fucceffion  within  this  interval  of  time,  and  produce  the  fame 
fenfible  effed,  as  if  all  the  colours  arrived  precisely  at  the 
fame  inflant, 

PROPOSITION  II. 

An  Undulation  conceited  to  originate  from  the  Vibration  of  a 
fingle  Particle ,  mujl  expand  through  a  homogeneous  Medium 
in  a  fpherical  Form ,  but  with  different  Quantities  of  Motion  in 
different  Parts. 

For,  fince  every  impulfe,  confidered  as  pofitive  or  negative, 
is  propagated  with  a  conftant  velocity,  each  part  of  the  undu¬ 
lation  rnuft  in  equal  times  have  paft  through  equal  diftances 
from  the  vibrating  point.  And,  fuppofing  the  vibrating  par¬ 
ticle,  in  the  courfe  of  its  motion,  to  proceed  forwards  to  a  fmall 
diftance  in  a  given  direction,  the  principal  (Length  of  the  undu- 
*  lation 
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ativm  will  naturally  be  draight  before  it ;  behind  it,  the  mo¬ 
tion  will  be  equal,  in  a  contrary  direction  ;  and,  at  right  an¬ 
gles  to  the  line  of  vibration,  the  undulation  will  beevanefeent. 

Now,  in  order  that  fuch  an  undulation  may  continue  its 
progrefs  to  any  conlklerable  didance,  there  mull  be  in  each 
partofit,  a  tendency  to  preferve  its  own  motion  in  aright 
line  from  the  centre  ;  for,  if  the  excels  of  force  at  any  part 
were  communicated  to  the  neighbouring  particles,  there  can 
be  no  reafon  why  it  rtiould  not  very  foon  be  equalifed  through¬ 
out,  or,  in  other  words,  become  wholly  extinct,  lince  the 
motions  in  contrary  directions  would  naturally  deftroy  each 
other.  The  origin  of  found  from  the  vibration  of  a  chord  is 
evidently  of  this  nature;  on  the  contrary,  in  a  circular  wave 
of  water,  every  part  is  at  the  fame  indant  either  elevated  or 
depreded.  It  may  be  difficult  to  fliovv  mathematically,  the 
mode  in  which  this  inequality  of  force  is  preferved  ;  but  the 
inference  from  the  matter  of  fact,  appears  to  be  unavoidable  ; 
and,  while  the  fcience  of  hydrodynamics  is  fo  imperfect  that 
we  cannot  even  folve  the  fimple  problem  of  the  time  required 
to  empty  a  vefi'el  by  a  given  aperture,  it  cannot  be  expected 
that  we  fhould  be  able  to  account  perfectly  for  fo  complicated 
a  feries  of  phenomena,  as  thofe  of  eladic  duids.  The  theory  Theory  of  Huy- 
of  Huygens  indeed  explains  the  circumdance  in  a  manner  to-  fcCns’ 
lerably  fatisfaCtorv  :  he  fuppofes  every  particle  of  the  medium 
to  propagate  a  didinCt  undulation  in  all  directions ;  and  that 
the  general  effeCt  is  only  perceptible  where  a  portion  of  each 
undulation  compires  in  direction  at  the  fame  indant ;  and  it  is 
eafy  to  fliow  that  fuch  a  general  undulation  wrould  in  all  cafes 
proceed  recti  linearly,  with  proportionate  force  ;  but,  upon 
this  fuppofition,  it  feems  to  follow,  that  a  greater  quantity  of 
force  mud  be  loft  by  the  divergence  of  the  partial  undulations, 
than  appears  to  be  confident  with  the  propagation  of  the  ef¬ 
fect  to  any  condderablc  difiance.  Yet  it  is  obvious,  that 
foine  fuch  limitation  of  the  motion  mud  naturally  be  expcCted 
to  take  place  ;  for,  if  the  intenfity  of  the  motion  of  any  par¬ 
ticular  part,  indead  of  continuing  to  be  propagated  draight 
forwards,  were  fuppofed  to  affeCt  the  intenfity  of  a  neigh¬ 
bouring  part  of  the  undulation,  an  impulle  mud  then  have 
travelled  from  an  internal  to  an  external  circle  in  an  oblique 
direction,  in  the  fame  time  as  in  the  direction  of  the  radius, 
and  confequently  with  a  greater  velocity  ;  againd  the  fird 

propofition. 
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Proportion  Ifl. 
Lateral  undula¬ 
tions  explained. 


proportion.  In  the  cafe  of  water,  the  velocity  is  by  no 
means  fo  rigidly  limited  as  in  that  of  an  elaftic  medium.  Yet 
it  is  not  neceffary  to  fuppofe,  nor  is  it  indeed  probable,  that 
there  is  absolutely  not  the  leaf!  lateral  communication  of  the 
force  of  the  undulation,  but  that,  in  highly  elaftic  mediums, 
this  communication  is  almofi  infenfiole.  In  the  air,  if  a 
chord  be  perfectly  infulated,  fo  as  to  propagate  exaCtly  fuch 
xdbrations  as  have  been  deferibed,  they  will  in  fact  be  much 
lefs  forcible  than  if  the  chord  be  placed  in  the  neighbourhood 
of  a  founding  board,  and  probably  in  fome  meafure  becaufe  of 
this  lateral  communication  of  motions  of  an  oppofite  tendency. 
And  the  different  intenfity  of  different  parts  of  the  fame  cir¬ 
cular  undulation  may  be  obferved,  by  bolding  a  common 
tuning  fork  at  arm’s  length,  while  founding,  and  turning  it, 
from  a  plane  direCled  to  the  ear,  into  a  pofition  perpendicular 
to  that  plane, 

PROPOSITION  III. 

A  Portion  of  afpherical  Undulation ,  admitted  through  an  Aper¬ 
ture  into  a  quiefeent  Medium ,  will  proceed  to  be  further  propa¬ 
gated  redili nearly  in  concentric  Superficies,  terminated  laterally 
by  weak  and  irregular  Portions  of  newly  diverging  Undula¬ 
tions. 

At  the  inftant  of  admiflion,  the  circumference  of  each  of  the 
undulations  may  be  fuppofed  to  generate  a  partial  undulation, 
filling  up  the  naf'cent  angle  between  the  radii  and  the  furface 
terminating  the  medium  ;  but  no  fenfible  addition  will  be  made 
to  its  ftrength  by  a  divergence  of  motion  from  any  other  parts 
ot  the  undulation,  for  want  of  a  coincidence  in  time,  as  has 
already  been  explained  with  refpeCt  to  the  various  force  of  a 
fpherical  undulation.  It  indeed  the  aperture  bear  but  a  final! 
proportion  to  the  breadtii  oi  an  undulation,  the  newly  gene¬ 
rated  undulation  may  nearly  abforb  the  whole  force  of  the  por¬ 
tion  admitted;  and  this  is  the  cafe  confidered  by  Newton  in 
the  Principia.  But  no  experiment  can  be  made  under  thefe 
circumffances  with  light,  on  account  of  the  minutenels  of  its 
undulations,  and  the  interference  of  inflection ;  and  yet  fome 
faint  radiations  do  actually  diverge  beyond  any  probable  li¬ 
mits  of  infieCtion,  rendering  the  margin  of  the  aperture  dif- 
tinCily  vifible  in  all  directions  ;  thefe  are  attributed  by  Newton 
to  fome  unknown  caufe,  diftinCt  from  inflection  :  (Optics, 

Third 
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Third  Book,  Obf.  5.  and  they  fully  anfvver  the  description  of 
this  propofition. 

Let  the  concentric  lines  in  Fig.  1.  (Plate  V.)  reprefent  the  Linear  explana* 
contemporaneous  (ituation  of  fimilar  parts  of  a  number  of  fuc- tl0n' 
ceftive  undulations  diverging  from  the  point  A  ;  they  will  alfo 
reprefent  the  fucceffive  fituations  of  each  individual  undula¬ 
tion  :  let  the  force  of  each  undulation  be  reprefented  bv  the 
breadth  of  the  line,  and  let  the  cone  of  light  ABC  be  admit¬ 
ted  through  the  aperture  B  C  ;  then  the  principal  undulations 
will  proceed  in  a  redtilinear  direction  towards  G  FI,  and  the 
faint  radiations  on  each  fide  will  diverge  from  B  and  C  ar 
centres,  without  receiving  any  additional  force  from  any  inter¬ 
mediate  point  D  of  the  undulation,  on  account  of  tire  inequa¬ 
lity  of  the  lines  D  E  and  D  F.  But,  if  we  allow  fome  little 
lateral  divergence  from  the  extremities  of  the  undulations,  it 
muft  diminifh  their  force,  without  adding  materially  to  that  of 
the  diffipated  light ;  and  their  termination,  inflead  of  the  right 
line  B  G,  will  alfume  the  form  C  FI ;  ftnee  the  lofs  of  force 
muft  be  more  confiderable  near  to  C  than  at  greater  diftances. 

This  line  correfponds  with  the  boundary  of  the  fhadow  in 
Newton’s  firft  obfervation,  Fig.  1  ;  and  it  is  much  more  pro¬ 
bable  that  fuch  a  diffipation  of  light  was  the  caufe  of  the  in- 
creafe  of  the  thadow  in  that  obfervation,  than  that  it  was  ow¬ 
ing  to  the  action  of  the  infledting  atmofphere,  which  muft  have 
extended  a  thirtieth  of  an  inch  each  way  in  order  to  produce  it ; 
efpecially  when  it  is  confidered  that  the  thadow  was  not  di- 
minifhed  by  furrounding  the  air  with  a  denfer  medium  than 
air,  which  muft  in  all  probability  have  weakened  and  con- 
tradted  its  infledting  atmofphere.  In  other  circumftances,  the 
lateral  divergence  might  appear  to  increafe,  inftead  of  dimi- 
nifhing,  the  breadth  of  the  beam. 

As  the  fubject  of  this  propofttion  has  always  been  efteemed  Obje&ions  of 
the  moft  difficult  part  of  the  undulatory  fyftem,  it  will  be  pro-  Newton  to  the 
per  to  examine  here  the  objedtions  which  Newton  has  ground-  ftem  of°light» 
ed  upon  it. 

t(  To  me,  the  fundamental  fuppofition  itfelf  feems  impofti- 
ble  ;  namely,  that  the.  waves  or  vibrations  of  any  fluid  can, 
like  the  rays  of  light,  be  propagated  in  ftraight  lines,  without 
a  continual  and  very  extravagaht  fpreading  and  bending  every 
way  into  the  quiefeent  medium,  where  they  are  terminated  by 
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it.  I  miftake,  if  there  he  not  both  experiment  and  demon* 
ftration  to  the  contrary.”  (Phil.  Tranf.  VII.  5089,  Abr.  I, 
I  id.  Nov.  1672.) 

i(  Mot  us  omnis  per  fiuidum  propagatus  ditergit  a  recto  tra- 
mite  in fpatia  immota.” 

“  Quoniam  medium  ibi,”  in  the  middle  of  an  undulation  ad¬ 
mitted,  “  denfmt  eft,  quam  in  jpatiis  hnic  inde,  dilatabit  Jefe  tant 
verfus  fpatia  utrinque  fita,  quam  verfus  pulfuurn  ruriora  inter- 
valla  ;  toque  patio — pulfiis  eadem  fere  edentate  fefe  in  medii  par¬ 
tes  quiefeentes  hinc  inde  relax  arc  debent  ; — idcoque  Jpatium  totum 
occupabunt. — Hoc  experimur  in  fonisf  (Princip.  Lib.  II. 
Prop.  42.) 

“  Are  not  all  hypothefes  erroneous,  in  which  light  is  fup- 
pofed  to  conftft  in  preflion  or  motion,  propagated  through  a 
fluid  medium  ? — If  it  confided  in  preflion  or  motion,  propa¬ 
gated  either  in  an  inftant,  or  in  time,  it  would  bend  into  the 
fliadow.  For  preflion  or  motion  cannot  be  propagated  in  a 
fluid  in  right  lines  beyond  an  obftacle  which  flops  part  of  the 
mot  ion,  but  will  bend  and  fpread  every  way  into  he  quiefeent 
medium  which  lies  beyond  the  obftacle.  The  waves  on  the 
furface  of  ftagnating  water,  pafling  by  the  fides  of  a  broad 
obftacle  which  flops  part  of  them,  bend  afterwards,  and  di¬ 
late  themfelves  gradually  into  the  quiet  water  behind  the  ob¬ 
ftacle.  The  waves,  pulfes,  or  vibrations  of  the  air,  wherein 
founds  conftft,  bend  manifeftly,  though  not  fo  much  as  the 
waves  of  water.  For  a  bell  or  a  cannon  may  be  heard  beyond 
a  hill,  which  intercepts  the  fight  of  the  founding  body  ;  and 
founds  are  propagated  as  readily  through  crooked  pipes  as 
ftraight  ones.  But  light  is  never  known  to  follow  crooked 
paffages,  nor  to  bend  into  the  fliadow.  For  the  fixed  ftars, 
by  the  interpofition  of  any  of  the  planets,  ceafe  to  be  feen. 
And  fo  do  the  parts  of  the  fun,  by  the  interpofition  of  the 
moon,  Mercury,  or  Venus.  The  rays  which  pafs  very  near 
to  the  edges  of  any  body,  are  bent  a  little  by  the  action  of  the 
body  ;  but  this  bending  is  not  towards  but  from  the  fliadow, 
and  is  performed  only  in  the  pafl’age  of  the  ray  by  the  bodv, 
and  at  a  very  finall  diftance  from  it.  So  foon  as  the  ray  is 
paft  the  body,  it  goes  right  on.”  (Optics,  Qu.  28.) 

Now  the  propofttion  quoted  from  the  Principia  does  not 
directly  contradict  this  propofttion;  for  it  does  not  aflert  that 
luch  a  motion  muft  diverge  equally  in  all  dire&ions;  neither 
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can  it  with  truth  be  maintained,  that  the  parts  of  an  elaftic 
medium  communicating  any  motion,  muft  propagate  that  mo¬ 
tion  equally  in  all  diredtions.  (Phil.  Tranf.  for  1800.  p.  10$ — * 

1 12.)  All  that  can  be  inferred  by  reafoning  is,  that  the  mar¬ 
ginal  parts  of  the  undulation  mud  be  fomewhat  weakened, 
and  that  there  muft  be  a  faint  divergence  in  every  direction ; 
but  whether  either  of  thefe  effedts  might  be  of  fufficient  mag¬ 
nitude  to  be  fenfible,  could  not  have  been  inferred  from  argu¬ 
ment,  if  the  affirmative  had  not  been  rendered  probable  by 
experiment. 

As  to  the  analogy  with  other  fluids,  the  moft  natural  infe-  Sound  defle&s 
rence  from  it  is  this :  <(  The  waves  of  the  air,  wherein  founds  wavc* 

confift,  bend  manifeftly,  though  not  fo  much  as  the  waves 
“  of  water water  being  an  inelaftic,  and  air  a  moderately 
elaftic  medium ;  but  ether  being  moft  highly  elaftic,  its  waves 
bend  very  far  lefs  than  thofe  of  the  air,  and  therefore  almoft 
imperceptibly.  Sounds  are  propagated  through  crooked  paf-  Crooked  paf- 
fag  es,  becaufe  their  tides  are  capable  of  refledting  found,  juft 
as  light  would  be  propagated  through  a  bent  tube,  if  perfedtly 
poliffied  within. 

The  light  of  a  ftar  is  by  far  too  weak  to  produce,  by  its 
faint  divergence,  any  vifible  illumination  of  the  margin  o  a 
planet  eclipfing  it ;  and  the  interception  of  the  fun^  light  by 
the  moon,  is  as  foreign  to  the  qneftion,  as  the  ftatement  of 
inflexion  is  inaccurate. 

To  the  argument  adduced  by  Huygens,  in  favour  of  the 
redtilinear  propagation  of  undulations,  Newton  has  made  no 
reply ;  perhaps  becaufe  of  his  own  mifccnception  of  the  na¬ 
ture  of  the  motions  of  elaftic  mediums,  as  dependent  on  a 
peculiar  law  of  vibration,  which  has  been  corredied  by  later 
mathematicians.  (Phil.  Tranf.  for  1800,  p.  116.)  On  the 
whole,  it  is  prefumed,  that  this  proportion  may  be  fafely 
admitted,  as  perfe&ly  confiftent  with  analogy  and  with  expe¬ 
riment. 


(To  be  continued.) 
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VIII. 

Remarks  on  Comhnjiion .  By  Thomas  Thomson,  M.  D . 

Lecturer  on  Chemiftry  in  Edinburgh. 

( Concluded  from  Page  20 .) 

vi.  Nitric  acid  is  formed  fpontaneoufly  upon  the  furfacc 
of  the  earth  by  procefles  with  which  we  aie  but  imperfectly 
acquainted;  but  which  certainly  have  no  refemblance  to  com- 
bullion.  Itsoxigcn  is  probably  furnifhed  by  the  air ,  which  is 
a  fupporter  ;  at  lead,  it  has  been  obferved,  that  if  azote,  the 
inftant  it  is  evolved,  comes  in  contact  with  air,  it  is  capable  of 
combining  with  its  oxigen,  and  forming  nitric  acid. 

Nitric  acid  may  be  formed  alfo,  as  Mr.  Cavendifh  has  de- 
monftrated,  by  palling  electric  (parks  through  common  air,  a 
tupporter.  In  all  probability  it  may  be  formed  alfo  by  the  gal¬ 
vanic  pile,  but  this  may  be  confuiered  as  equivalent  to  electri¬ 
city.  1  his  formation  ot  nitric  acid  by  means  of  electricity, 
has  been  confidered  as  a  combudion,  but  for  what  reafon  it  is 
not  eafy  to  lay  :  the  fubdance  a6ted  upon  is  not  a  combudible 
with  a  fupporter,  but  a  fupporter  alone.  Electricity  is  fo  far 
from  being  equivalent  to  combu  ft  ion,  that  it  fometimes  acts  in 
a  manner  diametrically  oppofite  ;  unburning ,  if  I  may  ufe  the 
expreflion,  a  lubdance  which  has  already  undergone  combuf- 
tion,  and  converting  a  product  into  a  combuJHble  and  a  fupporter. 
*}  bus  it  deeompofes  water,  and  converts  it  into  oxigen  and  hi¬ 
drogen  gas;  therefore  it  mud  be  capable  of  fupplying  the 
fub dances  which  the  oxigen  and  combudible  lofe  when  they 
combine  by  combudion,  and  form  a  prod  u  <51  *. 

There  is  one  procefs  more,  during  which  nitric  acid  is  form¬ 
ed,  which  mud  at  fird  light  appear  an  exception  to  the  general 
rule ;  1  moan  the  formation  of  nitric  acid,  which  takes  place 
during  the  combudion  of  hidrogen  gas  in  oxigen  gas  contami¬ 
nated  with  air.  But  in  this  cafe  it  is  the  hidrogen  only  which 
burns,  and  not  the  air;  the  air  indeed  combines  intimately, 
and  forms  nitric  acid,  juft  as  it  does  when  eleclric  fparks  are 

*  I  do  not  mean  to  affirm  that  ele&ricity  never  occafions  com- 
buftion,  the  contrary  of  which  is  weli  known,  but  that  a  combina¬ 
tion  produced  by  it  is  not  always  the  fame  with  combudion. 
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palled  through  it.  But  this  procefs  has  no  refemblance  to 
combuftion.  We  fee,  however,  that  a  certain  temperature  is 
capable  of  producing  this  change  in  air. 

8.  Several  of  the  fupporters  and  partial  fupporters  are  ca-  Supporters,  &c. 

pable  of  combining  with  combuftibles,  without  undergoing  de-  may  confine 

competition,  or  exhibiting  the  phenomena  of  combuftion.  In  tibles^tbout 

this  manner  the  yellow  oxide  of  gold  and  the  white  oxide  of  combuftion,  and 

filver  combine  with  ammonia:  the  red  oxide  of  mercury  with  Producc/w‘"'- 

.  .  .  J  noting  compounds, 

oxalic  acid  ;  and  oxiinuriatic  acid  with  ammonia.  Thus  alfo 
nitre  and  oximuriate  of  potath  may  be  combined,  or  at  leaf! 
intimately  mixed  with  feveral  combuftible  bodies,  as  in  <£un* 
powder,  &c.  In  all  thefe  compounds  the  oxigen  of  the  fup- 
porter  and  the  combuftible  retain  the  ingredients  which  ren¬ 
der  them  fufceptible  of  combuftion ;  hence  the  compound  is 
ftill  combuftible  :  And  in  conlequence  of  the  intimate  combi¬ 
nation  of  the  component  parts,  the  lead  alteration  is  apt  to  de- 
ftroy  the  equilibrium  which  lubftfts  between  them ;  the  con¬ 
lequence  is,  combuftion  and  the  formation  of  a  new  compound. 

Hence  thefe  compounds  burn  with  amazing  facility,  not  only 
when  heated,  but  when  triturated  or  ftruck  fmartly  with  a 
hammer.  They  have  therefore  received  the  name  of  deto¬ 
nating  or  fulminating  bodies.  Thus  we  have  fulminating  gold, 
fulminating  filver,  fulminating  mercury,  fulminating  pow¬ 
der,  &  c. 

9.  Such  are  the  properties  of  the  combuftibles,  the  fupport¬ 
ers,  and  the  products ;  and  fuch  the  phenomena  which  they 
exhibit  when  made  to  act  upon  each  other. 

If  we  compare  together  the  fupporters  and  the  products,  we  Supporters  and 
fhall  find  that  they  refemble  each  other  in  feveral  refpedis.  re^em- 

Both  of  them  contain  oxigen  as  an  etfential  conftituent  part  ;fpedtsi 
both  are  capable  of  converting  combuftibles  into  products ; 
and  feveral  of  both  combine  with  combuftibles  and  writh  addi¬ 
tional  dofes  of  oxigen.  But  they  differ  wddely  from  each  other 
in  the  phenomena  which  accompany  their  adtion  on  com¬ 
buftibles.  The  fupporters  convert  thefe  bodies  into  produdts,  but  they  differ 
and  combuftion,  or  the  emiftion  of  heat  and  light  at  the  fame  intlieiF 
time,  takes  place  ;  whereas  the  products  convert  combuftibles  buftibles.  The 

into  products  without  any  fuch  emiftion.  Now,  as  the  ultimate  ^urmer  only  pro- 
,  ,  J  .....  r  r  duce  combul- 

change  produced  upon  combuftibles  by  both  thele  lets  ot  tion, 

bodies  is  the  fame,  and  as  the  fubftance  which  combines  with 

the  combuftibles  is  in  both  cafes  the  fame,  namely  oxigen,  we 
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each  other ; 


But  the  former 
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fire. 


Combuftiar  will 
rot  enfue  if  ei¬ 
ther  of  thefe  in- 


muft  conclude  that  this  oxigen  in  the  fupporters  contains  fome- 
thing  which  the  oxigen  of  the  produfts  wants,  fomething  which 
feparates  during  the  paflage  of  the  oxigen  from  the  produft  to 
the  combuftible,  and  occafions  the  combuftion,  or  einillion  of 
fire,  which  accompanies  this  paffage.  The  oxigen  of  fup¬ 
porters  then  contains  fome  ingredient  which  the  oxigen  of 
products  wants.  Many  circumftances  concur  to  render  it  pro¬ 
bable  that  this  ingredient  is  caloric. 

The  combuftibles  and  the  produfts  alfo  refemble  each  other  in 
feveral  refpefts.  Both  of  them  contain  the  fame  or  a  fimilar 
bafe;  both  frequently  combine  with  combuftibles,  and  like- 
wife  with  oxigen;  but  they  differ  eflentially  in  the  phenome¬ 
na  which  accompany  their  combination  with  oxigen.  Jn  the 
one  cafe  fire  is  emitted,  in  the  other  not.  If  we  recolleft  that 
no  fubftance  but  a  combuftible  is  capable  of  reftoring  combuf- 
tibility  to  the  bafe  of  a  product,  and  that  at  its  doing  fo  it  al¬ 
ways  Iofes  its  own  combuftibility  ;  and  if  we  recollect  farther, 
that  the  bafe  of  a  product  does  not  exhibit  the  phenomena  of 
combuftion  even  when  it  combines  with  oxigen,  we  cannot 
avoid  concluding,  that  all  combuftibles  contain  an  ingredient 
which  they  Iofe  when  converted  into  produfts  and  that  this 
lofs  contributes  to  the  fire  which  makes  its  appearance  during 
the  converfion.  Many  circumltances  contribute  to  render  it 
probable  that  this  ingredient  is  light. 

If  we  fuppofe  that  the  oxigen  of  fupporters  contains  caloric 
as  an  effential  ingredient,  and  that  light  is  a  component  part  of 
all  combuftibles,  the  phenomena  of  combuftion  above  enumer¬ 
ated,  numerous  and  intricate  as  they  are,  admit  of  an  eafy  and 
obvious  explanation.  The  component  parts  of  the  oxigen  of 
fupporters  are  two;  namely,  1.  a  bafe,  2.  caloric:  The  com¬ 
ponent  parts  of  combuftibles  are  likewife  two;  namely,  1.  a 
bafe,  2.  light.  During  combuftion  the  bafe  of  the  oxigen 
combines  with  the  bafe  of  the  combuftible,  and  forms  the  pro¬ 
duct  ;  while  at  the  fame  time  the  caloric  of  the  oxigen  com¬ 
bines  with  the  light  of  the  combuftible,  and  the  compound  flies 
off  in  the  form  of  fire.  Thus  combuftion  is  a  double  decompo- 
fition;  the  oxigen  and  combuftible  divide  themfelves  each  into 
two  portions,  which  combine  in  pairs ;  the  one  compound  is 
the  product,  and  the  other  the  fire,  which  efcapes. 

Hence  the  reafon  that  the  oxigen  of  produfts  is  unfit  for  com¬ 
buftion.  It  wants  its  caloric.  Hence  the  reafon  that  combuf¬ 
tion 
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tlon  docs  not  take  place  when  oxigen  combines  with  products  gredients  of  fire 
or  with  the  bafe  of  fupporters.  Thefe  bodies  contain  no  light.  be  ab^ent. 

The  caloric  of  the  oxigen  of  courfe  is  not  feparated,  and  no  fire 
appears.  And  this  oxigen  (till  retaining  its  caloric,  is  capable 
of  producing  combudion  whenever  a  body  is  prefented  which 
contains  light,  and  whofe  bale  has  an  affinity  for  oxigen. 

Hence  alfo  the  reafon  why  a  combuftible  alone  can  redore 
combuftibility  to  the  bafe  of  a  product.  In  all  fuch  cafes  a 
double  decompolition  takes  place.  The  oxigen  of  the  product 
combines  with  the  bafe  of  the  combuftible,  while  the  light  of 
the  combuftible  combines  with  the  bafe  of  the  product.  Thus 
when  iron  acts  on  water,  the  oxigen  of  the  water  combines 
with  the  bafe  of  the  iron,  while  at  the  fame  time  the  light  of  the  .. 
iron  combines  w  ith  the  hidrogen  of  the  water,  and  occafions 
its  efcape  in  the  date  of  gas. 

But  the  application  of  this  theory  to  all  the  different  pheno¬ 
mena  defcribed  above,  is  fo  obvious,  that  it  is  needlefs  to  give 
any  more  examples.  Let  us  rather  inquire  into  the  evidences 
which  can  be  brought  forward  in  its  fupport. 

10.  Now  as  caloric  and  light  are  always  emitted  during  muft 
combudion,  it  follows  that  they  mud  have  been  previoufly  therefore  have 
component  parts  either  of  the  combudible,  or  of  the  l  upporter,  the  com-^" 
or  of  both.  buftible,  the  fup- 

That  the  oxigen  of  the  fupporters  contains  either  one  or  both  Portcr»  or  bot^# 
of  thefe  fubdances,  follows  incontrovertibly  from  a  fad  already 
mentioned,  namely,  that  the  oxigen  of  produds  will  not  fupport 
combudion,  while  that  ot  fupporters  will.  Hence  the  oxigen  of 
lupporters  mud  contain  fomething  which  the  oxigen  of  produds 
wants,  and  this  fomething  mud  be  caloric,  or  light,  or  both. 

That  the  oxigen  of  fome  of  the  fupporters  at  lead  contains  References  to 
caloric  as  an  ingredient,  has  been  proved,  I  think,  in  a  fatisfac-  Lfts:  Caloric, 
tory  manner,  by  the  experiments  of  Crawford,  Lavoifier,  and 
La  Place.  Thus  the  temperature  of  hot  blooded  animals  is 
maintained  by  the  decompolition  of  air.  Nowit  the  oxigen, 
of  one  fupporter  contain  caloric,  the  fame  ingredient  mud  ex- 
id  in  the  oxigen  of  every  fupporter,  becaufe  all  of  them  are 
obvioufly  in  the  fame  date.  Hence  I  conclude  that  the  oxigen 
of  every  fupporter  contains  caloric  as  an  effential  ingredient. 

The  light  emitted  during  combudion  mud  either  proceed  Light, 
from  the  combuftib.e  or  the  fupporter.  Now  that  it  proceeds 
irom  the  combudible  mud  appear  pretty  obvious,  if  wre  recoi¬ 
led 
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left  that  the  colour  of  the  light  emitted  during  combuflion 
varies,  and  that  this  variation  ufually  depends,  not  upon  the 
Supporter,  but  upon  the  combuflible.  Thus  carbonic  acid 
burns  with  a  blue  flame,  carbonated  hidrogen  with  a  white, 
and  charcoal  with  a  red  ;  fulphur  with  a  blue  or  violet,  zinc 
with  a  greenifh  white,  and  phofphorus  with  a  white. 

Natural  forma-  The  formation  of  combuflibles  in  plants  obvioufly  requires 

tjon  of  combuf-  £}ie  prefence  and  agency  of  light ;  for  w  hen  plants  vegetate  in 

porters;  VVgc-  the  dark,  their  carbon  is  not  increafed,  nor  is  any  oily  or  refin- 

tation. 


by  ait. 


ous  matter  formed  in  them.  The  leaves  of  plants  emit  oxigen 
gas  when  expofed  to  the  fun’s  rays,  but  never  in  the  (hade,  or 
in  the  dark.  Senebier  has  demonflrated  that  this  emilflon  is 
occalioned  by  the  decompofltion  of  carbonic  acid.  This  acid, 
which  is  a  product  of  combuftion,  is  decompofed  by  the  leaves 
of  plants  aflifled  by  lunfhine,  and  converted  into  oxigen  gas  and 
charcoal,  a fupporter  and  a  combuflible.  This  procefs  is  exactly 
the  reverfe  of  combuflion,  and  muff  therefore  reflore  the  fub- 
ftances  which  had  been  lofl  during  combuflion ;  that  is  to  fav, 
caloric  and  light.  But  the  fun’s  rays  confifl  of  thefe  two  bo¬ 
dies.  Thus  we  fee  why  plants  require  funfhinc.  A  part  of 
vegetation  conflfls  in  decornpofing,  or  unburning ,  produfts, 
and  converting  them  into  fupporters  and  combuflibles ;  but 
for  fuch  a  converfion  caloric  and  light  are  abfolutely  neceflary. 
The  fame  effects  Befides  vegetation,  we  are  acquainted  with  two  other  me¬ 
thods  of  unburning  products,  or  of  converting  them  into  pro¬ 
ducts  and  combuflible;  by  expoflng  them,  in  certain  circum- 
ftances,  to  tire  agency  of  fire  or  of  electricity.  The  oxides  of 
gold,  filver,  and  mercury,  when  heated  to  rednefs,  are  decom¬ 
pofed,  oxigen  gas  is  emitted,  and  the  pure  metal  remains  be¬ 
hind.  In  this  cafe  the  neceflary  caloric  and  light  muft  be  fur- 
nithed  by  the  fire;  a  eircumflance  which  explains  why  fuch 
reductions  always  require  a  red  heat.  When  carbonic  acid  is 
made  to  pafs  repeatedly  over  red-hot  charcoal,  it  combines 
with  a  portion  of  charcoal,  and  is  converted  into  carbonic  ox¬ 
ide  gas.  If  this  gas  be  a  combuflible  oxide,  the  bafe  of  the 
carbonic  acid  and  its  oxigen  mufl  have  been  fupplied  with 
light  and  calorie  from  the  fire  ;  but  if  it  be  a  partial  combuflible , 
it  is  merely  a  compound  of  carbonic  acid  and  charcoal :  which 
of  the  two  it  is,  remains  frill  to  be  afeertained.  Electricity  de¬ 
comp  oles  water,  and  converts  it  into  oxigen  gas  and  hidrogen 
gas  ;  it  mufl  therefore  fupply  the  heat  and  the  light  which 
thefe  bodies  lofl  when  converted  into  a  produft. 
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Thefe  fa<5ts,  together  with  the  exa61  correfpondence  of  the  Application  of 
theory  given  above  with  the  phenomena  of  combuftion,  to 

der  it  fo  probable,  that  I  have  ventured  to  propofe  it  as  an 
additional  ftep  towards  a  full  explanation  of  the  theory  of 
combuftion.  Every  additional  experiment  has  ferved  to  con¬ 
firm  it  more  and  more  *.  It  even  throws  light  upon  many 
phenomena  which  have  been  hitherto  contidered  as  altogether 
anomalous,  as  w  ill  be  evident  from  the  following  obfervations. 

II.  In  the  year  1793,  the  afiTociated  Dutch  chemifts  drew  Ignition  pro- 
the  attention  of  philofophers  to  a  curious  phenomenon  which  f^^o^l'ulphur 
accompanies  the  formation  of  lome  of  the  fulphurets  ;  a  phe-  with  a  metal, 
nomenon  previoufly  noticed  by  Seheele  ;  but  which  they  firft 
defcribed  in  detail.  When  eight  parts  of  copper  filings,  and 
three  parts  of  flowers  of  fulphur  are  mixed  together  in  a  glafs  -> 
receiver,  and  the  velfel  placed  upon  burning  coals,  the  mix¬ 
ture  melts,  a  kind  of  explofion  takes  place,  it  becomes  fud- 
denly  red  hot,  and  a  glow,  like  that  of  a  piece  of  red  hot  char¬ 
coal  fanned  by  bellows,  rapidly  pervades  the  whole.  When 
this  difappears,  the  mixture  is  found  in  the  ftate  of  folid  ful- 
phuret  of  copper.  Iron,  lead,  tin  or  zinc,  may  be  fubfti- 
tuted  for  copper.  The  experiment  lucceeds  whether  the  vef- 
fel  be  filled  with  air,  or  with  azotic,  or  hidrogen  gas,  or  even 
with  water  or  mercury.  What  is  lingular  in  this  experiment 
is  the  glowing  red  heat,  or  the  emiflion  of  fire  which  accom¬ 
panies  the  combination  of  the  fulphur  and  metal.  This  emif- 
fion  being  the  fame  which  takes  place  during  combuftion,  the 
procefs  has  been  confidered  as  a  combuftion,  and  ftated  as 
fuch  by  the  German  chemifts,  as  an  objection  to  Lavoifier’s 
theory,  which  fuppofes  that  oxigen  is  a  neceflary  agent  in 
that  procefs  :  while  other  philofophers  have  denied  that  this 
operation  is  a  combuftion,  or  that  it  has  any  refemblance  to 
that  procefs. 

The  fame  emiflion  of  caloric  and  light,  or  of  fire,  takes  or  of  fulphur 

place  when  melted  fulphur  is  made  to  combine  with  pot-afh,  ^o^phof- 

or  with  lime,  in  a  crucible  or  glafs  tube,  and  likewife  when  phorus  with 

lime,  &c* 

*  In  the  preceding  enumeration  of  fa£Is  I  have  not  taken  notice 
of  the  modifications  which  the  Lavoiferian  theory  has  received  from 
Hutton,  Delametherie,  Richter,  and  Brugnatelli ;  becaufe  I  fup- 
pofe  them  fufficiently  known.  Every  one  of  thefe  modifications 
agrees  in  fome  particulars  with  the  theory  given  in  this  Paper,  but 
differs  from  it  in  others. 
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melted  pliofpliorus  is  made  to  eombine^vith  lime  heated  nearly 
to  rednefs.  In  all  probability  barytes  and  ltrontian  exhibit 
the  fame  phenomenon  when  combined  with  melted  lulphur 
or  phofphorus ;  and  tome  of  the  metals  when  combined  with 
pholphorus.  In  general  then  the  cmiflion  oi  fire  accompanies 
the  combination  of  melted  fulphur  and  pholphorus,  with  fe- 
veral  of  the  earths,  fixed  alkalies  and  metals,  heated  previ- 
oufly  to  a  certain  temperature. 

To  explain  the  phenomenon  we  have  only  to  recollect,  I . 
It/ficf  ( .rphur  or  (jie  fujphur  aiu|  phofphorus  are  in  (he  melted  ftato,  and 
tain  calor\c\  me-  therefore  contain  caloric  as  an  ingredient.  2.  That  the  al- 
cejntain  ^alies,  earths  and  metals  which  produce  the  phenomenon  in 
come  folid  in  queftion,  contain  light  as  an  elfential  ingredient.  3.  That 

combination  and  (he  fulphuret  or  phofphuret  formed  is  always  in  a  folid  ilate  ; 
anY light  Ihefe  three  points  once  eftablifhed,  the  procefs  admits  of  a 

very  fimple  explanation.  The  fulphur  or  phofphorus  com¬ 
bines  with  the  bafe  of  the  metal,  earth  or  alkali  ;  while  at 
the  lame  time  the  caloric  to  which  the  fulphur  or  phofphorus 
owed  its  fluidity,  combines  with  the  light  of  the  metal,  earth, 
or  alkali,  and  the  compound  flies  off  under  the  form  of  fire. 

The  procefs  re-  Thus  the  procefs  is  exactly  the  fame  with  combuftion,  ex- 
fembks  combuf-  cep^ng  as  far  as  regards  the  product.  The  melted  fulphur  or 


tion  except  in  *ts 
product ; 


termed  femi- 
combuftion. 


Fa£ts  to  fhew 
that  potafh  and 
lime  contain 
light. 


phofphorus  afts  the  part  of  the Jupporter,  while  the  metal, 
earth  or  alkali  occupy  the  place  ol  the  combuftiblc.  The  firft 
furnifhes  caloric,  the  fecond  light,  while  the  bafe  of  each 
combines  together.  Hence  we  fee  that  the  bafe  of  fulphurcts 
and  phofphurets  refembles  the  bafe  of  products  in  being  defti- 
tule  of  light,  the  formation  of  thele  bodies  exhibiting  the  fepa- 
ration  ol  fire  like  combuftion ,  but  the  product  differing  from  a 
product  of  combuftion  in  being  deftitute  of  oxigen,  we  may 
diftinguifh  the  procefs  by  the  title  of  Jbni-comlmjlion  ;  indi¬ 
cating  by  the  term,  that  it  pofTeffes  one  half  of  the  chara&e- 
riftic  marks  of  combuftion,  but  is  deftitule  of  the  other  half. 

The  only  part  of  this  theory  which  requires  proof  is,  that 
light  is  a  component  part  of  the  earths  and  alkalies.  But  as 
potafh  and  lime  are  the  only  bodies  of  that  nature,  which  I 
am  certain  to  be  capable  of  exhibiting  the  phenomena  of  l'emj- 
combuftion,  the  proofs  muff  of  necellity  be  confined  to  them. 
Now  that  lime  contains  light  as  a  component  part  has  been 
long,  known.  Meyer  and  Pelletier  obferved  long  ago,  that 
when  water  is  poured  upon  quicklime  not  only  heat  but  light 
is  emitted.  Light  is  emitted  alfo  abundantly  when  fulphuric 
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acid  is  poured  upon  lime*.  In  both  cafes  a  fani-combuftion  Semi-combuf- 
tak.es  place.  The  water  and  the  acid  being  folidified  give  or  iimc  and 
out  caloric,  while  tlie  quicklime  gives  out  light ;  that  lime 
during  its  calcination  combines  with  light,  and  that  light  is  a 
component  part  of  quicklime  is  demonftrated  by  the  following 
experiment,  for  which  we  are  indebted  to  Scheele. 

It  is  well  known  that  fluor  fpar  (native  tluate  of  lime)  has  Phofphorefcence 
the  property  of  phofphorefcing  ftrongly  when  heated,  but  that  ex’ 

the  experiment  does  not  fucceed  twice  with  the  fame  fpeci- 
men.  After  it  has  been  once  heated  fufficientlv,  no  fubfe- 
quent  heat  will  caufe  it  to  phofphorate.  Now  pholphoref- 
cence  is  merely  the  emitfion  of  light,  light  of  courfe  is  a  com¬ 
ponent  part  of  fluor  fpar,  and  heat  has  the  property  of  fepa- 
rating  it.  But  the  phofphorefcing  quality  of  the  fpar  may  be 
again  recovered  to  it,  or  which  is  the  lame  thing,  the  light 
which  the  fpar  had  loft  may  be  reflored  by  the  following  pro- 
cefs.  Decompofe  the  fluate  of  lime  by  fulphuric  acid,  and  reftored; 
preferve  the  fluoric  acid  feparated.  Boil  the  fulphate  of  lime 
thus  formed  with  a  lufficient  quantity  of  carbonate  of  foda;  a 
double  decompofition  takes  place  ;  fulphate  of  foda  remains  in 
folution,  and  carbonate  of  lime  precipitates.  Calcine  this 
precipitate  in  a  crucible  till  it  is  reduced  to  quicklime,  and 
combine  it  with  the  fluoric  acid  to  which  it  was  formerly 
united.  The  fluor  fpar  thus  regenerated  phofphorefces  as  at 
firft.  Hence  the  lime  during  its  calcination  mnfl  have  com¬ 
bined  with  light. 

That  potafh  contains  light,  may  be  proved  in  the  fame  man- Light  in  potafli, 
ner  as  the  exiflence  of  that  body  in  quicklime.  Dize  has 
fliown  that  much  light  is  emitted  when  fulphuric  acid  is  poured 
upon  potafh,  but  more  when  it  is  poured  on  the  carbonate  of 
potafh.  Now  as  potafli  is  deprived  of  its  carbonic  acid  by 
lime,  it  is  obvious  that  the  procefs  mult  be  a  double  decom- 
pofition ;  the  bafe  of  the  lime  combines  with  carbonic  acid, 
while  its  light  combines  with  the  potafli. 

Thefe  remarks  on  femi-combuflion  might  eafily  be  extended 
much  farther.  For  it  is  obvious,  that  whenever  a  liquid  com¬ 
bines  with  a  folid  containing  light,  and  the  produd  is  a  folid 
body,  fomething  analogous  to  femi-combuflion  mult  take 
place.  Hence  the  reafon  why  water  increafes  the  violence  of 
combuflion  when  thrown  fparingly  into  a  common  fire. 

*  Dizc  Jour,  de  Phyf.  49,  177* 
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Carbonic  acid 
gas  extinguifhes 
fpontaneous 
light  $  but  it  re¬ 
vives  by  com¬ 
mon  air. 


IX. 

A  Continuation  of  the  Experiments  and  Obfervation*  on  the  Light 
which  is  fpontaneoujlij  emitted  from  various  Bodies  ;  with  fame 
Experiments  and  Obfervations  on  folar  Eight,  when  imbibed 
by  Canton’s  Phqfphorus.  Bf  Nathaniel  Holme, 
M.  D.  F.  /?.  S.  and  A.  S. 

(Concluded  from  page  \0.) 

§  5. 

The  Effects  of  carbonic  Acid  Gas  or  fixed  Air  *  on  fpontaneous 

Eight. 

EXPERIMENTS. 

Exp.  I.  At  10  P.  M.  a  piece  of  frefh  herring,  weighing 
about  three  drams,  was  fufpended  in  a  wide-mouthed  ten- 
ounce  phial,  filled  with  carbonic  acid  gas,  and  clofed  with  a 
cork  and  bladder.  It  was  retained  there  Tor  three  fucceflive 
nights ;  but  emitted  no  light. 

Exp.  2.  The  fame  experiment  was  made  with  a  piece  of 
herring,  which  was  beginning  to  be  luminous.  On  the  next 
evening,  the  illumination  was  found  to  be  extin 61 :  never- 
thelels  the  herring  was  hill  kept  in  the  gas  for  three  nights 
longer,  but  did  not  become  lucid. 

Exp.  3.  At  7  P.  M.  a  piece  of  fretli  mackerel  was  intro¬ 
duced  above  water,  into  a  wide-mouthed  bottle,  holding  2 1 
ounces,  which  wras  completely  filled  w  ith  carbonic  acid  gas, 
and  fupported  by  a  tea-faucer  that  held  about  three  ounces  of 
water.  On  the  fecond  night  it  was  dark,  and  continued  the 
fame  on  the  third.  It  wras  then  expofed  to  the  influence  of 
atmofpherical  air,  and,  on  the  next  evening,  it  was  pretty 
luminous,  and  likewife  on  the  lucceeding  night. 

Exp.  4.  At  9  P.  M.  a  cork,  fmeared  with  the  luminous 
matter  of  a  mackerel,  wras  put  into  a  five-ounce  wide-mouthed 
phial,  filled  with  carbonic  acid  gas,  and  then  clofed  with  a  glafs 

*  This  gas  was  obtained  from  powdered  chalk,  or  marble,  and 
diluted  fulphuric  acid. 

Hopple. 
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Hopple.  It  continued  to  thine  pretty  vividly  for  fome  little 
time  ;  then  the  light  gradually  diminifhed,  fo  that  at  twelve, 
only  a  fmall  fpark  remained. 

Exp.  5.  At  10  P.  M.  another  cork,  illuminated  with  mac¬ 
kerel-light,  was  introduced  above  water,  into  21  ounces  of 
the  gas ;  and  its  light  was  nearly  extinbt  at  twelve. 

Exp.  6.  At  8  P.  M.  a  fragment  of  Chining  wood  was  put 
above  water,  into  2d  ounces  of  the  gas ;  and  it  had  not  been 
long  there  before  the  light  difappeared.  It  was  then  taken 
out,  and  expofed  to  the  aftion  of  atmofpheric  air,  when  its 
Chining  property  foon  returned. 

Exp.  7.  Another  fragment  of  brightly  Chining  wood  was  in¬ 
troduced  above  water,  into  the  lame  quantity  of  the  gas,  at  , 
10  P.  M.tand  the  light  was  extinguiflied  in  the  lpace  of  an 
lrour.  After  this,  it  was  expofed  to  the  open  air,  and  the 
light  gradually  revived. 

Exp.  8.  At  8  P.  M.  a  luminous  dead  glow-worm  was  put 
above  water  into  the  gas ;  its  glowing  appearance  gradually 
faded,  and  in  a  Cliort  time  became  quite  invilible.  It  was 
then  taken  out,  and  the  light,  by  degrees,  re-appeared  as 
vivid  as  before. 


OBSERVATION. 

This  gas,  we  find,  has  alfo  an  extingui filing  property,  with 
refpefl  to  fpontaneous  light :  but,  in  general,  the  light  returns, 
if  the  object  of  experiment  be  taken  out,  and  expofed  to  the 
open  air. 

§  6 


The  Effects  of  fulphurated  hidrogen  Gas  *  on  fpontaneous  Light. 

EXPERIMENTS. 

Exp.  1.  At  noon,  apiece  of  a  very  frefh  mackerel,  with  Sulphurated  hi- 

a  bright  eye,  was  introduced  above  water,  into  2d  ounces  dr0£?n  e*t,n’ 

G  J  .  guifhes  lponta- 

of  this  gas,  and  was  retained  therein  for  three  fucceffive  neous  light  more 
evenings,  without  emitting  any  light.  It  was  then  expofed  to  efte<aua!1y  and 
atmolpheric  air  ;  yet  it  continued  dark  on  the  two  following  nently  than  car¬ 


bonic  acid. 


*  This  gas  was  obtained  from  fulphuret  of  potafli  and  diluted 
muriatic  acid. 


nights : 
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nights  :  but,  on  the  third,  it  was  very  luminous,  and  remained 
fo  on  the  fourth  and  fifth. 

Exp.  2.  The  fame  experiment  was  then  made  with  apiece 
of  frefli  herring,  which  was  alfo  kept  in  the  above  gas,  for 
about  three  nights,  without  being  luminous.  After  expofure 
to  common  air,  it  did  not  emit  any  light  during  the  fi rfl  24* 
hours.  However,  on  the  fuhfequent  night,  it  began  to  fhine, 
had  a  very  bright  light  on  the  following  evening,  and  conti¬ 
nued  thining  for  feveral  fucceeding  nights. 

Exp.  3.  A  cork,  fmeared  with  the  luminous  matter  of  a 
herring,  was  put  above  water,  into  21-  ounces  of  (he  gas ;  and 
the  light  was  extinguifhed  in  lefs  than  an  hour.  The  experi¬ 
ment  was  repeated  in  the  fame  gas,  and  with  the  fame  refult. 

Exp.  4.  A  cork,  illuminated  with  mackerel  light#  was  in¬ 
troduced  into  the  fame  quantity  of  gas;  and  was  dark  in  half 
an  hour. 

Exp.  5.  A  fragment  of  filming  wood,  being  put  into  the 
gas,  became  dark  in  eight  minutes.  A  fecond  piece  became 
dark  in  five  minutes.  They  were  then  taken  out,  and  conti¬ 
nued  dark  all  that  evening.  On  the  next  evening,  one  of  the 
pieces  was  uncommonly  lucid. 

Exp.  6.  At  10  P.  M.  another  fragment  of  brightly  fhining 
wood  was  introduced  above  water,  into  24  ounces  of  the  gas, 
and  was  extind  at  eleven.  It  was  then  expofed  to  the  open 
air ;  but  there  was  no  return  of  light  that  evening.  On  the 
following  night,  it  was  found  pretty  luminous. 

Exp.  7.  A  finely  (billing  dead  glow-worm  was  next  put 
above  water,  into  this  gas,  and  its  light  was  quickly  extin¬ 
guifhed.  In  a  fecond  experiment,  in  the  fame  gas,  the  light 
was  much  flower  in  its  extindion.  In  both  inftances,  after 
the  infect  was  withdrawn,  and  placed  in  atmofpheric  air,  the 
light  gradually  revived. 

OBSERVATION. 

It  is  apparent,  by  thefe  experiments,  that  fulphurated 
hidrogen  gas  extinguifhes  fpontaneous  light  much  fooner 
than  carbonic  acid  gas,  and  that,  in  general,  the  light  returns 
much  more  (lowly,  when  the  fubjed  is  expofed  to  atmofpheric 
air. 

§  7. 
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§ 


The  of  nitrous  Gas  "x  on  fpontaneous  Light . 

EXPERIMENTS. 

Exp.  I.  A  piece  of  frefli  herring  was  introduced  above  Nitrous  gas 
water,  into  this  gas,  at  3  P.  M.  and  remained  there  four  nights,  Jnd 

without  emitting  any  light :  it  was  then  withdrawn,  and  ex-  guiihes  fponta- 
pofed  to  common  air,  for  the  fpace  of  three  nights ;  but  did  neous  hght. 
not  become  lucid. 

Exp.  2.  The  tame  experiment  was  made  with  a  piece  of 
herring  beginning  to  be  luminous  ;  but  its  light  was  gradually 
extinguifhed  :  it  was  detained  in  the  gas  for  three  nights,  and 
taken  out  dark.  It  was  then  expofed  to  the  open  air,  for  the 
three  fubfequent  nights ;  but  its  fhining  appearance  did  not 
return. 

Exp.  3.  A  cork  with  luminous  matter,  introduced  above 
water,  into  this  fpecies  of  gas,  had  its  light,  in  general,  ex¬ 
tinguifhed  in  from  10  to  30  minutes;  and,  when  taken  into 
common  air,  its  light  very  feldom  re-appeared. 

Exp.  4.  Fragments  of  (Inning  wood,  above  water,  in  nitrous 
gas,  were  likewife  commonly  rendered  dark  in  a  very  fliort 
fpace  of  time,  as  in  three  or  four  minutes ;  fometimes  a  frag¬ 
ment,  if  uncommonly  luminous,  would  not  be  extinguifhed  in 
lefs  than  fix  or  eight  minutes  ;  and  very  feldom  would  the  light 
revive,  on  expofmg  the  wood  to  atmofpherical  air. 

Exp.  $.  A  dead  fhining  glow-worm  being  put  above  water, 
into  this  gas,  its  light  was  quickly  extinquifhed ;  but,  after 
the  infect  was  taken  into  the  common  atmolphere,  the  light 
gradually  returned.  The  experiment  wras  thrice  repeated, 
and  with  the  fame  refult. 


OBSERVATION. 

This  fpecies  of  gas,  we  obferve  to  have  totally  prevented 
the  emiffion  of  light,  and  to  have  quickly  extinguifhed  that 
which  had  been  emitted  :  likewife  that  the  luminous  objedls 
which  had  been  under  its  influence,  (except  the  glow-worm) 
did  not  experience  a  revival  of  their  light,  when  taken  out, 
and  kept  for  fome  time  in  common  air. 

/ 

*  This  gas  was  obtained  from  copper  and  diluted  nitrous  acid. 

§  3, 
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The  light  is  ex- 
tinguifhed  in 
vacuo,  hut  beau¬ 
tifully  reltored 
by  admi/Tion  of 
air. 


Canton’s  phof- 
phorus  jhines 
more  when 
heated. 


§  8. 


The  Effects  of  a  Vacuum  on  Spontaneous  Light. 
EXPERIMENTS. 

Exp.  1.  A  piece  of  fhining  wood,  of  a  moderate  fize,  was 
put  under  the  receiver  of  an  air-pump,  in  a  dark  room  ;  in 
proportion  as  the  air  was  extracted,  the  light  was  gradually 
extinguifhed,  and  at  la  ft  reduced  to  a  mere  point,  j u (1  vifible, 
owing  molt  probably  to  a  fmall  refiduum  of  air,  which  is  al¬ 
ways  left,  even  in  the  molt  perfect  machine.  Freth  air  was 
then  leifurely  admitted,  and  the  light  was  immediately  revived 
in  a  very  beautiful  manner.  This  experiment  was  frequently 
repeated,  and  always  with  the  like  effect. 

Exp.  2.  Some  luminous  matter  of  a  herring,  uncommonly 
bright,  was  fmeared  upon  a  piece  of  red  blotting  paper,  and 
then  fubmitted  to  the  operation  of  the  air-pump.  The  light 
became  fainter  and  fainter,  as  the  inclofed  air  was  withdrawn, 
and  at  laft  nearly  van i filed  ;  but  brightened  up  as  before,  on 
the  influx  of  frefh  air.  The  experiment  was  repeated,  and 
with  the  fame  refult, 


SECTION  XII. 


Experiments  and  Obfervations  on  folar  Ligbty  when  imbibed  by 

Canton’s  Phojphorus , 

§  1. 

The  Effects  of  Heat  on  imbibed  folar  Light. 

J.  The  imbibed  Light  is  rendered  more  vivid  by  a  moderate 

Degree  of  Heat. 


EXPERIMENTS. 

Exp.  1.  Having  prepared  fome  Canton’s  phofphorus,  and 
expofed  it  to  the  light  of  the  fun,  it  was  carried  into  the  dark 
laboratory,  to  feparate  the  illuminated  parts  from  thofe  that 
remained  dark.  In  doing  which,  fofne  luminous  fragments 
were  placed  upon  the  palm  of  the  hand,  and  retained  there 
for  fome  time,  when  it  was  obferved,  that  the  warmth  of  the 
hand  confiderably  increafed  the  degree  of  light. 


Exp. 
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Fxp.  2.  Some  fragments  of  this  illuminated  phofphorus 
were  put  into  a  (mail  phial,  which  was  then  doled  with  a  cork, 
and  fufpended,  by  a  firing,  in  a  quart  of  water  heated  to  about 
126°  ;  by  thefe  means,  the  light  was  rendered  much  more  vivid 
than  before. 

Exp.  3.  Some  other  pieces  of  the  illuminated  phofphorus 
were  dropped  feparately  into  a  glafs  tube  32  inches  long,  and 

bore,  filled  with  water  at  about  120°.  The  light  ol  each 
piece  became  exceedingly  bright,  as  foon  as  it  entered  the  hot 
water  ;  and  they  all  defcended,  very  luminous,  from  the  top 
to  the  bottom,  fome  quickly  and  others  flowly,  according  to 
their  gravity,  making  a  very  pleafing  experiment. 

Exp.  4,  A  large  wooden  bowl,  about  12  inches  wide,  was  ' 
next  filled  with  water  heated  to  about  110°,  and  then  a  quan¬ 
tity  of  illuminated  phofphorus,  partly  in  the  form  of  powder, 
and  partly  in  pieces  of  different  magnitudes,  was  fcattered 
over  the  whole  furface  of  the  water ;  all  which  pieces  fell, 
with  increafed  fplendour,  to  the  bottom,  where  they  preferved 
their  light  for  fome  time, 

II.  The  imbibed  Light  is  extinguijhed  by  ci  great  Degree  of  Ileat.  but  too  much 

heat  extinguifh- 

Exp.  5.  Some  fragments  of  the  phofphorus,  rendered  lumi-esit. 
nous,  were  expofed  to  a  greater  degree  of  heat,  namely,  by 
calling  them  into  a  tin  veffel  containing  two  pints  of  boiling 
water.  They  flafhed  with  increafed  light,  as  loon  as  they 
came  in  contad  with  the  water,  fell  precipitately  to  the  bot¬ 
tom,  in  a  lucid  ftate,  and  then  were  gradually  extinguifhed. 

Exp.  6.  In  which  the  degree  of  heat  was  fill  increafed.  A 
fmall  bar  of  iron,  of  about  an  inch  lquare,  was  made  red-hot, 
and  laid  horizontally  in  the  laboratory,  until,  by  cooling,  it 
nearly  ceafed  to  fhine.  Some  pieces  of  illuminated  phofpho¬ 
rus  were  then  put  upon  it  in  fucceffion,  and  the  light,  in  a  mo¬ 
ment,  glowed  with  uncommon  luftre,  but  was  quickly  after 
totally  extinguifhed  *, 

*  Solar  light,  when  received  merely  on  a  piece  of  white  paper, 
may  alfobe  rendered  more  luminous  by  heat,  and  then  extinguifhed 
by  it,  as  appears  from  an  experiment  made  by  the  late  Mr.  B. 

Wilfon,  whofe  book  on  phofphori  I  had  not  leen  before  this  Paper 
\vas  drawn  up. 


III.  The 
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OBSERVATIONS  ON  SPONTANEOUS  LIGHT. 


Latent  light  is 
excluded  from 
Canton’s  phof- 
phorus  by  heat. 


Ill.  The  imbibed  Light,  after  being  in  a  latent  State,  is  excited 
and  rendered  luminous  by  the  Agency  of  Heat. 

Exp.  7.  Some  (mail  pieces  of  the  phofphorus,  afler  having 
been  illuminated,  were  depoli ted  in  the  laboratory  ;  when  the 
light  by  degrees  faded  away,  and  became  totally  inedible. 
They  were  kept  in  this  dark  date  for  the  fpace  often  days, 
and  then  placed  one  after  another  upon  a  heated  bar  ot  iron, 
as  in  the  lad  experiment,  upon  which  they  quickly  became 
exceedingly  luminous. 

From  an  experiment  made  by  the  ingenious  Mr.  Canton, 
1  obferve,  that  fome  of  his  phofphorus,  contained  in  glafs 
balls  hermetically  fealed,  and  heated  in  the  above  manner, 
gave  a  conddcrablc  degree  of  light,  after  it  had  been  kept  in 
a  date  of  darknefs  more  than  dx  months,  Phil.  Tranf.  Vol. 
LVIII.  page  342. 


§  2. 

The  Effects  of  Cold  on  imbibed  Light. 

EXPERIMENT. 

Cold  extinguish-  About  13  grains  of  the  phofphorus  were  put  into  a  half- 
of  Can  tones' 011  nce  containing  two  drams  of  cold  pump  water,  that 

phofphorus,  &c.  had  been  deprived  of  its  air  by  boiling.  The  phial  was  then 
corked,  and  expofed  for  fome  time  to  folar  light,  whereby 
the  phofphorus  became  dnely  illuminated.  In  this  date,  it 
was  immediately  put  into  a  frigoridc  mixture,  compofed  of 
fnow  and  fea  fait,  and  retained  there  about  30  or  40  minutes, 
when  it  was  taken  out,  and  the  light  found  to  be  totally  e» 
tinguithed.  The  phial  was  then  placed  in  fome  wafer,  at 
about  60°  temperature,  and  the  light  gradually  revived,  and 
became  as  brilliant  as  before  it  had  been  expofed  to  the  cold. 
This  experiment  was  frequently  repeated,  and  always  with 
the  fame  refult. 

I  cannot  but  remark,  that  in  the  courfe  of  experiments  on 
this  fubjeft,  the  fuperior  power  of  folar  over  that  of  fponta- 
neous  light  was  very  apparent.  For,  the  fird  trials  being 
made  in  fmall  phials,  containing  only  atmofpheric  air  with  the 
phofphorus,  the  light  was  with  fome  difficulty  totally  extin- 
guifhed  ;  and,  after  the  phials  were  taken  out  of  the  frigorific 

mixture, 
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mixture,  the  temperature  of  the  laboratory  would  commonly 
Toon  revive  the  light,  which  rendered  the  experiments  not.  al¬ 
together  fatisfactory.  Finding  it  thus  fomewhat  difficult  to 
extinguifh  folar  light  in  air,  recourfe  was  had  to  'water ,  in  the 
manner  above  deferibed.  This  anfvvered  perfectly  well ;  for 
the  water,  when  frozen,  gave  a  fubftantial  body,  as  it  were, 
to  the  imbibed  light  of  the  phofphorus,  fo  as  to  enable  it  to 
retain  the  excels  of  cold  ariling  from  the  frigorific  mixture ; 
thereby  making  the  experiments  quite  fatisfactory.  When  the 
phofphorus  was  thus  furrounded  by  ice,  only  a  few  minutes 
day  in  the  frigorific  mixture  would  generally  be  fufficient  for 
a  total  extinction. 

OBSERVATION. 

From  thefe  experiments,  compared  with  thofe  recited  in  my 
former  Paper  on  fpontaneous  light,  it  appears  that  folar  light, 
when  imbibed  by  Canton's  phofphorus,  is  Object  to  the  fame 
laws,  with  refpect  to  heat  and  cold,  as  the  fpontaneous  light 
of  fifties,  rotten  wood,  and  glow-worms. 

P.  S.  In  thefe  experiments  with  folar  light,  the  phofphorus 
was  fometimes  expofed  to  the  direct  rays  of  the  fun,  at  other 
times  to  common  day-light,  in  a  northern  afpect  ;  and  it  was 
remarked,  that  it  became  fomewhat  more  luminous  by  mere 
day-light,  than  by  the  rays  of  the  lun. 

It  may  alfo  be  proper  to  obferve,  that  the  above  experi-  Improved  pre«» 
ments  were  made  with  an  improved  preparation  of  Canton’s  P'a;-U0?  ,^an 

1  r  1  ton  s  pholpho- 

phofphorus.  This  improvement,  which  was  firfl  made  by  Dr.  rus  by  pr.  Hig 

Higgins,  confubs  in  omitting  the  pulverization  of  the  (hells.  Sins* 

His  method  was,  after  calcining  (he  oyfter-fheils,  to  put  the 
pieces,  both  great  and  fmall,  in  layers,  into  a  crucible  fur- 
nifhed  with  a  cover,  and  to  fprinkle  flowers  of  fulphur  between 
each  layer.  After  they  had  remained  fome  time  in  the  fur¬ 
nace,  they  were  taken  out,  fuffered  to  cool,  and  then  kept  in 
a  large  bottle  with  aglafs  ftopple.  For  this  communication,  I 
am  indebted  to  Mr.  Lewis  of  Holborn,  near  Southampton-  Park  room  of 
Itreet,  who  has  an  extraordinary  dark  room,  where,  at  times,  Mr*  Lcv;-S* 
he  amufes  his  friends  with  fome  beautiful  appearances,  arifing 
from  folar  light  imbibed  by  phofphorus  prepared  as  above  di¬ 
rected.  A  Hill  further  improvement  of  this  phofphorus,  it 
appears  to  me,  rnay  be  made  by  fubfti tilting  precipitated  ful¬ 
phur  for  the  flowers  of  fulphur  ;  and  the  experiments  of  this 
feCtion  were  chiefly  made  with  phofphorus  fo  prepared. 

X.  Defcription 
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DESCRIPTION  OF  A  LAMP. 


Excellence  of 
the  lamp  of  Ar* 
gand. 


Improved  by 
Carcel  and  Ca¬ 
reau. 


Inconveniences 
of  lamps  of  the 
ufual  conftruc- 
tion. 


X. 

Defer iption  of  a  Lam})  upon  Akgand’s  Principle,  with  Im¬ 
provements,  in  which  the  Oil  is  maintained  at  the  fame  Level  hi/ 
the  confant  AH  ion  of  a  Pump.  By  Citizens  Carcel  and 

Careau 

Lamps  with  a  double  current  of  air  arc  among  the  inven¬ 
tions  of  the  eighteenth  century,  which  are  moll  honourable  to 
the  induflry  of  France,  and  of  which  the  general  ule  fuflficiently 
befpeaks  the  value.  But  it  is  not  enough  that  a  great  light 
lhould  be  produced  without  finell  or  (moke,  but  an  object  of 
nearly  equal  utility  confills  in  producing  the  light  (teadily, 
with  economy,  in  the  mod  advantageous  form,  and  beft  adapt¬ 
ed  to  economical  purpofes. 

Citizens  Carcel  and  Careau  have  fucceeded  in  this  object. 
We  (hall  not  dwell  upon  the  obftacles  they  mud  have  met 
with  in  arriving  at  the  degree  of  perfection  they  have  obtain¬ 
ed;  it  will  be  fufficient  to  drew  the  value  of  their  invention, 
if  we  can  prove  that  it  furpaffes  every  thing  of  the  kind  which 
has  yet  been  exhibited.  This  lamp  has  the  double  advantage 
of  exhibiting  all  the  good  qualities  of  the  lamp  we  hefore  pof- 
feffed,  without  their  inconveniences.  The  nozle  undergoes  no 
alteration  by  heat,  neither  is  the  wick  dellroyed,  but  almoft 
condantly  preferves  its  whitenefs. 

The  oil  in  ordinary  lamps  is  liable  to  flow  out  by  its  expan-, 
fion  when  heated ;  but  in  this  mechanical  lamp  it  condantly 
preferves  its  level.  By  difpenfing  with  the  refervoirs  of  oil 
in  thofe  lamps  which  are  called  fountain  lamps,  thefe  inventors 
have  fucceeded  in  affording  light  which  is  not  fhaded  on  an^ 
fide.  In  this  refpect  the  lamp  is  very  economical,  becaufe 
nearly  half  the  light  of  a  fountain  lamp  mud  neceffarily  be  in¬ 
tercepted  by  the  receiver,  which  requires  to  be  placed  above 
the  level.  But  in  thefe  the  refervoir  is  in  the  foot,  which  ren¬ 
ders  them  more  portable  ;  and  from  this  circumdance,  as  well 
as  the  other  advantages  of  their  condrudion,  there  is  no  dan- 

*  From  Les  Annales  des  Arts  &  Manufa6tures,  vi.  269.  I  am 
much  obliged  to  my  correfpondent  C.  D.  for  dire&ing  my  atten¬ 
tion  to  this  article. 
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gcroffpilling  the  oil  by  inclining  it,  which  is  an  inconvenience 
of  great  magnitude,  and  hitherto  eonhituting  one  of  the  great- 
ell  objections  to  the  lamps  in  life. 

In  other  lamps  the  flame  varies  in  its  intenfity  commonly  in 
about  two  hours;  but  in  the  mechanical  lamp  it  conftantly 
preferves  the  fame  fupply  and  the  fame  brilliancy. 

The  mcchanifm  adapted  to  the  foot  in  order  to  caufe  the  General  re¬ 
oil  to  afcend,  has  been  reduced  to  the  greateh  fimplicily;  itismar^s* 
firm  and  durable,  and  has  no  communication  with  the  oil  of  the 
refer  voir. 

This  lamp  may  be  ufed  in  di (filiations  and  chemical  prepa¬ 
rations,  as  well  as  in  culinary  purpofes;  and  in  general  we 
cannot  do  better  than  tranferibe  the  report  made  to  the  Na¬ 
tional  Inhitute  by  Guyton,  Morveau,  and  Charles. 

"  The  Clafs  having  charged  us  to  examine  the  mechanical  Report  to  the 
lamp  prefented  by  the  Citizens  Carcel  and  Careau,  at  the  ii t-  5rnftltute  °* 
ting  ol  the  21(1  of  laft  month,  as  a  means  of  adding  a  new  de¬ 
gree  of  perfection  to  lamps  with  an  inner  current  of  air,  as  well 
as  with  regard  to  the  intenfity  of  light  as  to  economy  and  the 
convenience  of  daily  life. 

“  Lamps  excited  by  an  interior  current  of  air,  of  which  the  Hiftory  of  the 
invention  belongs  to  Citizen  Argant,  and  which  were  an-  Argand  larnP* 
nounced  for  the  firfl  time  in  February  17  84*,  have  produced 
a  revolution  in  the  art  of  illuminating  which  time  has  ferved 
only  to  confirm,  as  it  does  all  thofe  which,  being  founded  on 
true  principles,  receive  the  daily  fandtion  of  experience. 

et  A  fhort  time  afterwards  Citizen  Lange  thought  of  con- The  chimney 
tracling  the  glafs  chimney,  fo  as  to  direct  the  external  current  improved  by 
of  air  nearer  to  the  flame,  by  which  means  he  determined  a  hill  °  * 
more  complete  combuhion  of  the  oil,  and  produced  a  more 
brilliant  light,  without  either  fmoke  or  Smell.  The  union  of  thefe 
inventions  feemed  to  have  exhaufted  the  fubjeft,  but  Citizens 
Carcel  and  Careau  apprehended  that  it  wras  poflible  to  renderimprovements 
the  lamps  hill  more  perfect.  They  conhdered  that  the  beffky  Cartel  and 
lamps  of  this  defcription  do  not  conhantly  afford  the  fame  in- 
tenlity  of  light,  becaufe  the  wick  not  being  conhantly  and  alike 
fupplied  with  oil,  is  fubjeft  to  become  charred;  that  it  is  ne- 
celfary  either  to  raife  it  beyond  the  proper  elevation,  or  to 
trim  the  lamp  again  after  fome  hours;  andlahly,  that  the  glafs 

*  Journal  de  Phylique  for  that  month,  page  159. 
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Experiments 
with  the  new 
lamp. 


Compared  with 
the  common, 
it  gives  more 
than  twice  the 

light. 


Comparifon  with 
randies. 


chimney  not  being  capable  of  being  made  to  that  degree  of 
accuracy  as  to  afford  the  contraction  always  at  the  fame 
height,  the  effect  of  this  contrivance  could  not  be  thebeff  pof- 
fible,  excepting  when  the  accidental  concurrence  of  circum- 
ftances  might  render  it  fo. 

“  At  the  fame  time  that  they  were  buffed  in  remedying 
thofe  inconveniences,  they  did  not  neglect  the  means  of  ren¬ 
dering  the  lamp  more  economical,  convenient,  and  portable; 
without  fear  of  fpilling  the  oil ;  without  any  conffdcrable  effe6t 
upon  the  flame  by  motion ;  without  any  interception  of  the 
light  from  a  refervoir;  and  with  the  addition  of  an  agreeable 
and  ornamental  form. 

“  The  account  refulting  from  our  examination  will  enable 
the  Clafs  to  judge  of  the  difficulties  they  have  had  to  vanquilh, 
the  ingenious  proceffcs  they  have  ufed,  and  the  fuccefs  which 
has  crowned  their  induffry. 

“  The  mechanical  lamp  was  lighted  before  the  Clafs  for  a 
fhort  time.  They  faw  the  brilliant  light  it  afforded,  and  com¬ 
pared  that  light  with  the  lamps  which  ufually  illuminate  their 
place  of  meeting.  It  continued  abfolutely  the  fame  five  hours 
after  it  had  been  lighted,  though  the  wick  had  not  been  altered 
or  touched. 

“  In  order  to  determine  more  exactly  the  intenfity  of  the 
light,  it  was  placed  at  fuch  a  diffanee  that  a  body  interpofed 
between  its  light  prodcced  a  ffiadow  of  the  lame  obfeurity  as 
that  of  a  common  Argand's  lamp.  The  diffances  were — 
from  the  mechanical  lamp  forty-fix  decimeters,  and  from  the 
common  lamp  thirty-three  decimeters,  which,  by  the  fquare  of 
the  diffances,  gives  the  ratio  of  21 16  to  1039,  or  100  to  -I8J, 
for  the  intenff  ties  of  the  light. 

“  The  common  lamps  of  this  conffruction  not  always  afford¬ 
ing  a  light  perfectly  uniform,  and  the  glafs  chimney  of  that 
which  we  employed  not  being  of  the  molt  favourable  dimen- 
lions,  we  thought  it  proper  to  endeavour  to  obtain  a  confirma¬ 
tion  of  this  ratio  by  the  comparifon  with  candles,  of  which  the 
light  is  lefs  fnbject  to  vary. 

“  Six  candles  (1  fuppofe  of  wax),  of  the  weight  of  one  hec¬ 
togram  (five  to  the  French  pound),  were  arranged  in  fuch  a 
manner  that  their  flames  could  not  mutually  intercept  each 
other.  The  ffiadow  produced  by  the  interpofition  of  an  opaque 
body  received  on  a  card,  was  found  to  be  fimilar  to  that  of  the 

mechanical 
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mechanical  lamp  when  the  candles  were  brought  to  the  uiftance 
of’ 566  centimeters,  at  the  lame  time  that  the  mechanical  lamp 
was  drawn  back  to  785.  The  fquares  of  thefe  numbers  give 
the  ratio  of  100  to  52  nearly.  If  in  head  of  the  latter  term 
we  put  the  quotient  of  its  divifion  by  the  number  of  candles, 
we  fee  that  the  light  of  the  mechanical  lamp  is  to  that  of  one 
candle  as  100  to  1  1|,  or  it  would  require  eleven  candles  and 
a  half  to  give  the  fame  light. 

“  As  this  lamp  may  be  ufed  for  the  domefiic  purpofes  of  af- The  heat  it  gives 

fording  heat  as  well  as  for  the  operations  of  chemiftry  even oth,ct  bodlfs 
°  .  1  .  J  placed  over  the 

in  the  dry  way,  it  becomes  interefting  to  afcertain  the  degree  flame, 
of  heat  it  was  capable  of  communicating  to  velfels  placed  above 
its  glafs  chimney.  For  this  purpofe  we  took  a  pyrometricPyrometnc 
piece  of  Wedgwood  not  baked;  it  was  included  between  two Piecc* 
very  thin  capfules  of  platina,  and  placed  on  a  fupport,  fir  If  at 
four  centimeters,  where,  at  the  end  of  half  an  hour,  the  con¬ 
traction  was  three  degrees  of  the  pyrometric  fcale  ;  after  which 
it  was  again  placed  at  the  difiance  of  fifteen  millimeters  only 
from  the  upper  extremity  of  the  chimney,  where,  after  having 
been  kept  for  two  hours,  it  was  found  to  have  palfcd  the  le- 
venth  degree,  which,  according  to  the  table  of  correfpon- 
dencc  of  Wedgwood,  would  indicate  505  degrees  of  the  cen- 
trigade  thermometer, 

“  A  tube  of  glafs  of  five  millimeter?,  or  two  lines,  in  diame-  Tube  of  glafs, 
ter,  of  the  weight  of  thii  ty-feven  decigrams,  or  lixty-fix  grains, 
the  cube  decimeter,  was  eafily  bended  over  the  chimney,  that 
is  to  fay,  at  eight  centimeters,  or  two  inches,  &c.  from  the  up¬ 
per  extremity  of  the  flame.  Tin,  placed  in  a  fmall  crucible  of 
kaolin,  upon  a  fupport  of  the  fame  height,  flowed  in  lefs  than 
feven  or  eight  minutes.  Five  grams,  or  eighty  grains,  of  an¬ 
timony  in  fmall  fragments,  afforded  in  a  fimilar  crucible,  at 
the  end  of  an  hour,  a  degree  of  fufion  fufficiently  advanced  to 
round  the  iovver  part  of  the  button,  and  it  is  known  that  the 
lowed  efiimation  of  the  heat  required  to  fufe  this  metal  is  431 
degrees. 

“  The  confumption  of  oil  was  determined  by  fcveral  trials,  Confumption  of 
one  of  which  was  continued  for  feven  hours:  It  varied  very0lJ* 
little;  the  mean  term  was  34,648  grams  per  hour.  (1|  oz. 
avoird.) 

**  With  regard  to  the  operative  means  by  which  thefe  effedts  Mechanical  con- 
are  obtained,  we  fhall  remark,  firfl,  the  difpofition  of  thechim-  ftru&ion. 
ney,  which  can  be  railed  or  lowered  at  pleafure  by  turning  the 
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Illumination 
judged  by  lead¬ 
ing  a  book. 


Blue  chimney. 


Particular  de- 
fcription  of  the 
con fti 'action  of 
file  lamp. 


cylinder  which  fupports  it  on  its  lcrew,  which  has  nine  thready 
by  which  means  the  true  fituation  to  produce  the  held  ellect  is 
obtained,  whatever  may  be  the  difference  of  fize  between  one 
glafs  and  another.  The  (crews  are  pewter,  blit  the  reporters 
oblerve,  that  it  may  be  better  to  make  one  ot  them  iron. 

(i  The  advantages  of  railing  the  oil  by  a  pump  moved  by  a 
fpring  are  real,  and  prevent  the  wick  from  becoming  charred 
for  want  of  a  conftant  fupply  otoil ;  betides  which,  as  the  flame 
is  kept  at  a  diftance  from  the  focket,  it  can  neither  calcine  the 
metal  nor  depofit  that  cruft  of  hardened  oil  which  to  toon  alters 
the  effects  of  other  lamps. 

The  Commiffaries  exprefs  their  approbation  of  the  expedi¬ 
ent  by  which  the  oil  is  prevented  from  leaking  through  and 
arriving  at  the  mechanifm,  and  ftate,  that  they  examined  the 
mechanifm,  which  they  find  to  be  well  calculated  to  produce 
the  defired  effect,  and  to  prove  as  durable  as  could  be  withed. 

The  brilliancy  of  effect  is  fpoken  of  in  high  terms  of  appro¬ 
bation.  They  found  that  when  a  white  gauze  fliade  was  put 
over  the  lamp,  they  could  read  in  the  Anachcirfis  of  Didot  at 
the  diftance  of  78  decimeters,  or  about  2d  feet;  and  that  they 
could  read  in  the  fame  book  at  the  diftance  of  89  decimeters 
with  the  (lame  uncovered.  They  do  not  mention  the  type  of 
the  book. 

With  a  chimney  of  blue  glafs  they  could  read  at  72  deci¬ 
meters. 

When  a  ground  glafs  was  placed  before  the  flame,  they 
could  read  at  the  diftance  of  75  decimeters.  A  candle  placed 
behind  the  fame  glafs,  gave  a  light  •by  which  it  was  difficult  to 
read  at  23  decimeters. 

In  addition  to  the  report  of  the  Commiflion  of  the  Inftitute, 
the  Editor  of  Les  Annales  des  Arts  gives  a  more  minute  de- 
feription,  with  an  accurate  engraving,  which  is  prefented  to 
the  reader  in  plate  IX. 

Fig.  I.  View  of  the  under  part  of  the  movement  of  the 
lamp  :  aa  the  lower  plate  of  brats,  which,  with  the  fuperior 
plate  conne&ed  by  four  brafs  pillars,  forms  the  frame  of  the 
movement :  b,  ratchet  wheel  for  winding  or  fetting  up  the 
fpring;  It  is  pinned  upon  the  fquare  of  the  barrel  arbor,  and  is 
kept  in  its  place  by  the  click  and  back  fpring  c :  The  two 
holes  in  the  face  of  the  wheel  are  intended  to  receive  the 
points  of  a  key  for  winding  it  up :  d,  a  plate  which  receives 
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the  pivots :  e,  large  wheel,  the  pinion  of  which  is  driven  by  Particular  de- 

the  wheel  of  the  barrel:  ////,  ends  of  the  pillars:  h,  the  fly 

and  its  endlefs  ferew.  the  lamp. 

Fig.  2.  Plan  of  the  upper  fide  of  the  movement :  i,  upper 
brafs  plate:  k,  the  bottom  of  the  refervoir  of  tin:  / 1  l,  con¬ 
necting  pillars :  m  m,  a  circle  with  its  ferews,  which  ferves  to 
fupport  the  pump  and  its  apparatus :  n,  body  of  the  double 
force  pump :  o,  aperture  through  which  the  oil  rifes  through 
the  afeending  pipe :  The  elevation  of  this  pipe  is  feen  at  o,  fig. 

3  :  p,  the  double  arm  of  the  piflons  of  the  pump  :  q  q,  pump 
rods. 

Fig.  3.  Lateral  elevation  of  the  mechanifm:  ss>  the  plate 
which  covers  the  body  of  the  lamp,  fixed  by  four  ferews,  which 
at  the  fame  time  connect  the  lower  plate  u  :  This  plate  is  railed 
up  in  the  drawing  infiead  of  being  ferewed  down,  in  order  to 
give  a  clearer  idea  of  the  connexion.  The  middle  piece  t  is 
perforated  by  two  cylindrical  holes,  in  which  the  piflons  move 
which  drive  the  oil.  The  piece  t  is  alfo  perforated  above  and 
beneath,  in  order  to  admit  of  two  conical  valves  opening  up¬ 
wards  into  each  cavity  or  pump  barrel.  The  lowxr  valve  in 
each  fuffers  the  oil  to  rife  into  the  barrel  as  the  pifton  is  with¬ 
drawn,  and  the  upper  fuffers  it  to  pafs  upwards  when  the 
forcing  ftroke  takes  place.  The  pieces  s,  t ,  and  u,  are  fecured 
by  a  piece  of  leather  put  between  them  before  they  are  ferew¬ 
ed  together. 

The  dotted  line  v  v  denotes  part  of  the  refervoir  of  oil :  w, 
part  of  the  lower  plate  m :  x,  one  of  the  pillars :  y}  the  barrel 
containing  the  fpring :  z,  pinion  of  the  large  wheel :  A,  pinion 
of  the  wheel  of  the  endlefs  ferew  :  B,  the  wheel  which  drives  a 
crank  that  works  the  pumps :  C,  the  leading  piece  which  ads 
on  the  lever:  D,  pinion  of  the  wheel  B.  E,  middle  wheel* 
taking  in  the  pinion  D,  and  moved  by  its  own  pinion,  which 
takes  in  the  great  wheel  e :  F,  lever  that  works  the  arms  of 
the  pump. 

Fig.  4.  Elevation  of  the  natural  fize  of  the  glafs  globe  r  .* 

J,  A  pivot  of  fteel  which  pafles  through  the  glafs  globe  to 
communicate  with  the  arms  of  the  pump.  The  lower  part  of 
this  pivot  is  fquare,  in  order  to  receive  the  lever  of  ofcillation  ; 
the  upper  part  is  round,  and  has  the  arms  of  the  pump  driven 
tight  upon  it.  2,  A  brafs  focket  in  which  the  pivot  1,  3  turns* 
and  is  prevented  from  defeending  by  a  fhoulder.  The  glals 
Vol.  II. — June,  1302.  I  globe,  * 
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globe,  or  pearl-fhaped  veflel,  is  blown  from  a  piece  of  barome¬ 
ter  tube,  and  is  conneftcd  in  the  focket  by  fealing  wax  (or  lac), 
which  is  infoluble  in  oil.  Citizen  Carcel  found  a  great  diffi¬ 
culty  in  preventing  the  leakage  of  the  oil  to  the  works,  which 
he  has  obviated  by  filling  the  glafs  veflel  r  with  molafles  thick¬ 
ened  by  heat.  This  fluid  is  not  a£ted  on  by  oil,  and  anfwers 
the  purpofe  very  well,  without  impeding  the  motion. 

Fig.  5.  Elevation  of  a  chandelier  to  which  the  mechanifin 
is  adjufted.  G,  the  foot  containing  the  movement :  II,  refer- 
voir  containing  oil,  and  the  pump :  I,  the  flcm  of  the  chan¬ 
delier,  forming  part  of  the  refcrvoir,  and  traverfed  by  the  tube 
of  afeenfion  o,  which  fupplies  the  wick  with  oil :  K,  the  appa¬ 
ratus  of  the  lamp,  having  apertures  through  which  the  air  en¬ 
ters.  Fig.  6.  Another  more  elegant  figure  propofed  by  C. 
O’Reilly. 

The  number  of  the  wheels  are  as  follow  :  Barrel  wheel,  10S 
teeth  :  It  drives  a  pinion  of  12  on  the  arbor  of  e,  which  has  84* 
teeth.  The  middle  wheel  E  has  96  teeth,  and  a  pinion  of  12. 
The  crank  wflieel  has  90  teeth  and  a  pinion  of  8.  The  lafl  or 
endlefs  ferew  wheel  has  20  teeth,  and  a  pinion  of  12.  And  the 
ferew  has  two  threads. 

The  movement  will  go  twelve  hours  without  winding  up. 

The  ufe  of  the  lamp  is  fimple  and  eafy.  The  wheel-work  is 
either  locked  or  fet  at  liberty  at  pleafure  by  a  flop.  In  the 
regular  procefs,  the  wick  is  to  be  firfl  trimmed;  then  the  me- 
chanifm  is  to  be  wound  up  ;  and  in  the  next  place,  the  oil  is  to 
be  poured  in.  When  the  flop  is  difengaged,  the  oil  is  feen  to 
rife  up  to  the  wick,  and  this  is  the  proper  time  to  light  it. 
When  it  is  no  longer  wanted,  the  movement  is  to  be  flopped 
of  courfe,  at  the  fame  time  that  the  lamp  is  extinguifhed. 


XI. 

Note  upon  a  peculiar  vegetable  Principle  contained  in  Coffee.  By 
Richard  Chenevix,  Efq.  P.  B.  S.  M.  R.  I.  A.  From, 
the  Author.  May  24,  1S02. 

lx  a  veflel  calculated  to  confine  the  vapour  of  water,  I 
heated  a  confiderable  portion  of  that  liquid  upon  about  a 
pound  of  raw  coffee  imported  directly  from  Martinico,  and 
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of  the  quality  of  which  I  was  well  allured.  I  then  filtered  the 

liquor,  and  reduced  if  nearly  to  drynefs,  in  a  glafs  evaporating 

dilli,  at  a  gentle  heat.  By  this  means  I  obtained  a  fmall  quantity  gave  a  clear  yel- 

of  a  clear  yellow  refiduum,  like  the  moll  tranfparent  horn,  and  oflovV  re<'ldue> 

the  confidence  of  honey.  This  refiduum  did  not  deliquefce,  or 

feem  to  be  lubjedt  to  change,  by  expofure  to  the  atmofphere. 

It  was  foluble  in  alcohol.  It  did  not  manifeft  either  acid  or 

alkaline  properties.  By  fome  experiments  I  perceived  it  to  bee{Tentlally  differ- 

a  lubfiance  differing  effentially  from  all  the  vegetable  princi-ent  other 

°  .  1  vegetable  pro  • 

pies  with  which  I  was  acquainted  ;  and,  finding  that  I  could  duds, 
obtain  it  pure  by  a  method  which  Prouff  ufed  to  procure  tannin, 

I  proceeded  in  the  following  manner: 

I  poured  a  folution  of  muriate  of  tin  into  fome  water  which  It  was  preerpt- 
had  been  made  to  boil  upon  coffee,  and  obtained  a  precipitate,  munate 

which  I  collected  upon  a  filter,  and  wafhed.  I  then  put  it  into  and  the  tin 
water,  and  caufed  a  current  of  fulphurated  hidrogen  gas  to gen 
pafs  (lowly  through  the  liquor.  By  this  procefs  the  oxide  of 
tin  combined  with  the  fulphurated  hidrogen  gas,  and  the  fub- 
ftance  originally  contained  in  the  coffee,  but  which,  as  I  (hall 
immediately  fhew,  had  combined  wdth  the  metallic  oxide,  wras 
difengaged,  and  remained  in  the  liquor,  while  the  hidrogen- 
ized  fulphuret  of  tin  was  precipitated.  It  then  remained  only  The  difengaged 
to  evaporate  the  liquor  to  obtain  the  vegetable  principle.  In  new  vegetable 
this  ftate  it  exhibited  nearly  the  fame  appearance  as  before  it  thu^o! btained 
had  been  combined  wdth  the  oxide  of  tin,  but  feemed  of  a  purer, 
lighter  colour,  and  more  clear  and  tranfparent,  being  freed,  as 
I  fuppofe,  from  all  extradtive  or  other  matter. 

Imagining  it  now  to  be  fufficiently  pure,  I  diffolved  it  in  a  its  habitudes. So- 
very  fmall  proportion  of  water,  and  examined  it  chemically.  m  alcohol. 
The  folution  was  of  a  bright  horn  colour  ;  had  a  bitter  taffe,  b;tt;er  ta{te, 
though  not  unpleafant.  It  was  neither  acid  nor  alkaline. 

Solution  of  potafh,  of  foda,  or  of  ammonia,  poured  into  the  Alkalies  turn  it 
liquor,  changed  its  colour  to  a  bright  garnet  red.  red  5 

Nitric  acid  produced  a  fimilar  effect.  as  did  nitric  acid. 

Very  concentrate  folutions  of  the  alkaline  carbonates  did  not  No  precipitate 
caufe  a  precipitate,  as  in  a  folution  of  tannin. 

Sulphuric  acid  became  of  a  dirty  brown  colour  with  the  fo-  Sulphuric  acid, 
lution,  but  no  other  change  was  apparent.  httle  change* 

With  muriatic,  phofphoric,  and  the  vegetable  acids,  there  Other  acids, 
was  no  change  but  what  would  naturally  refult  from  a  mix-non'"* 
ture  of  the  colours  of  both  liquors. 
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Solution  of  iron j  With  any  folution  of  iron  in  which  there  was  not  excefs  of' 
prccipfuLSri:Cn  *  ac^»  ^ie  ^cluor  pafled  to  a  beautiful  green  ;  and,  if  it  was  con  • 
centrate,  there  was  a  green  precipitate.  Salts  formed  of  the 
red  oxide  of  iron  fucceeded  the  beft ;  and  the  reciprocal  aftion 
of  this  principle  and  iron  is  almoft  as  delicate  as  that  of  either 
gallic  acid  or  tannin  and  iron. 

Muriate  of  tm,  With  muriate  of  tin  there  was  a  very  abundant  yellowifh 
>Lllowifli  preup.  precipltate^  vyhich  vvas  a  combination  of  the  new  vegetable- 

principle  with  oxide  of  tin.  Both  this  precipitate  and  that 
with  iron  arc  foluble  in  all  the  acids,  and  the  liquors  lofe  their 
colour. 

Wat  rs  of  lime,  Lime-water  did  not  caufeany  precipitate  in  this  liquor,  nor 
tUn  16 **  itl0n"  ftrontia- water.  Barytes-water  give  a  fawn  coloured  pre¬ 

cipitate.  With  lime-water  tannin  gave  a  bluifli-green  precipi¬ 
tate  ;  and  nearly  the  fame  with  ftrontia- water,  as  alfo  with  ba¬ 
rytes-water. 

Gelatine  gave  no  A  folution  of  gelatine  did  not  give  any  precipitate  with  this 
pruip.tate,  vegetable  principle.  The  effect  of  tannin  upon  gelatine  is  wrell 
known. 

Hence  this  prln-  By  thefe  experiments  it  is  proved  that  the  principle  bears 

cip  e  is  different  jfufiicient  chara&ers  to  diftinguiffi  it  from  tannin,  or  any  other 
from  any  other.  .  f5  (  J 

vegetable  principle  with  which  we  are  acquainted.  The  only 

property  which  it  poffeffes  in  common  with  tannin,  is  its  affinity 

for  oxide  of  tin,  while  it  is  clearly  diftin6t  from  tannin  in  every 

other  point. 

Coffee  does  not  It  is  evident  that  coffee,  before  it  is  roafted,  does  not  con- 

ti*ihroafteTl  n  ta'n  tann^n*  ^  folution  of  gelatin  poured  into  a  deco&ion  of 
well  roafted  coffee,  gives,  however,  an  immediate  precipitate; 
and  the  precipitate  is  the  combination  of  tannin  with  gelatin. 
Meflrs.  Prouft,  Scguin,  and  Davy,  have  obferved,  that  heat 
Whcthsr  this  developes  the  tannin  principle  in  many  vegetables.  In  a 

ntkilYinrktve-  commerciaI  Point  of  view,  it  might  be  advantageous  to  exa- 
getablty  may  not  mine,  whether  thofe  vegetables  are  not  fuch  as,  before  they  are 
In“  heated,  contain  this  new  principle.  Although  I  did  not  per- 
heat.  ceive  that  the  principle,  when  infulated  from  the  entire  veget¬ 

able,  was  converted  by  heat  into  tannin  ;  yet  the  prefence  of 
the  other  component  parts  of  the  vegetable  may  influence  the 
diffribution  of  elements  in  fuch  a  manner  as  to  produce  combi¬ 
nations  different  from  what  the  feparate  principles  will  afford. 

I  have  not  had  an  opportunity  of  extending  thefe  refearche* 
any  further  in  the  vegetable  kingdom. 
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XII. 

Account  of  fome  Experiments  performed  upon  a  Scale  of  confider- 
able  Magnitude,  and  principally  by  the  Agency  of  Froft,  to  pro¬ 
duce  Sulphate  of  Soda,  Carbonate  of  Magnefia,  and  Muriate  of 
Ammonia,  from  Sulphate  of  Magnefia,  Carbonate  of  Ammonia, 
and  Muriate  of  Soda.  By  H.  Campbell,  M.  D.  From 
the  Author. 


The  feledted  faline  fubftances  were,  Epfom  fait,  or  the  ful- Sulphate  of  mag- 
phate  of  magnefia ;  table  fait,  or  the  muriate  of  foda  ;  and  ?efla  arul 

10  >  loda  gave  julpb . 

concrete  hartthorn  drops,  or  ammoniacal  carbonate.  Of  they‘d  and  mur. 
proper  mixtures,  calculation  was  formed  upon  a  luppofed  ac- mag*  Io  , 

.  -11  .  .  rr  latter  was  added 

quaintance  with  the  table  of  agents  entering  into  the  compofi- carbonate  ofam- 

and  the 


tion  of  each  body. 


Sulphate  of  magnefia. 
Muriate  of  foda, 
Ammoniacal  carbonate 


TABLE. 

Acid. 

33  fulphuric 
52  muriatic 
45  carb.  acid 


Alkaline  Earth, 
19  magn. 

42  — 

43  — 


moma, 
products  were, 
muriate  of  ammo- 

Water.  nia  anc^  ca’b>  of 
magnefia. 

6 

12 


The  expected  and  unavoidable  products  were. 

Acid.  Alkali.  Water. 

Glauber  falts,  or  fulphate  of  foda, 

containing  -  -  -  -  27  fulph.  15  magn.  58 

Salited  or  muriated  magnefia,  con¬ 
taining  -  -  -  -  34  mur.  41  — »  25 

And  upon  the  addition  of  the  ammoniacal  carbonate  to  the 
falited  magnefia. 

Carbonate  of  magnefia  -  -  30  carbon  48  earth  22 

Muriate  of  ammoniac  -  -  52  —  40  —  8 


The  falited  magnefia  muft  only  beconfidered  as  an  interme¬ 
diate  product. 

To  avoid  the  detail  of  various  experiments,  thofe  found  to 
be  moft  pradticable  will  be  only  related,  connected  with  the 
mofc  practicable  apparatus. 

In  iron  pans  of  1 50  gallons  each,  due  proportions  of  fulphate  Derail  of  the 
of  magnefia  and  muriate  of  foda  were  put  in  water  in  propor-  exPenmentp 
tion  to  the  laws  of  folubility  and  cryftallization.  The  faline 
liquor  was  pumped  into  troughs  lined  with  tinned  iron  plate. 

The  troughs  were  thirty  feet  long,  one  foot  wide,  and  three 

inches 


118 


EXPERIMENTS  TO  PRODUCE  SULPHATE  OF  SODA,  &ZC. 

inches  deep.  Some  of  the  liquor  was  expofed  in  butcher'* 
trays  made  of  afli,  four  feet  long,  two  feet  wide,  and  a  few 

inches  deep.  Thermometer,  Fahrenheit,  26 - :  Product, 

Glauber  fait,  or  fulphate  of  foda,  and  muriate  of  magnefia,  in 
quantity  correfponding  with  the  proportion  of  the  requifites  in 
the  mixture. 

Obfcrvations.  Contrary  to  my  ufual  practice,  the  faline  liquor  in  this  ex¬ 
periment  was  put  out  in  a  cold  llate  :  The  confequence  was, 
a  precipitation  of  the  fulphate  of  foda  in  the  form  and  appear¬ 
ance  of  fl.  benzoin.  The  whole  of  the  Glauber  fait  was  thrown 
down;  the  mother  liquor  containing  only  muriate  of  magnefia. 
While  the  mother  liquor  contains  Glauber  fait,  it  will  feel  and 
appear  in  fome  meafure  harlh  and  faline;  but  when  totally  de¬ 
prived  of  Glauber  fait,  new  appearances  will  take  place.  The 
tinned  iron  gutters,  indead  of  fhewing  a  difpofition  to  rud,  will 
be  remarkably  clean  and  brilliant;  the  mother  liquor  foft  and 
Very  fine  cryf-  oily  to  the  touch,  and  will  pour  fmooth.  To  obtain  the  Glau¬ 
ms  ot  Glauber’s  ^er  fap  ]n  cliflincl  crydals,  the  product  of  this  experiment  was 
redifibived  in  a  leaden  evaporator,  in  its  own  water  of  cryftal- 
lization,  and  pure  water  added,  enough  to  make  a  light  faline 
liquor.  This  liquor  was  put  into  leaden  coolers  ten  feet  long, 
five  feet  wide,  two  inches  deep,  Handing  in  a  room,  therm.  57, 
doors  and  windows  were  left  open.  In  the  morning  I  found 
and  took  about  three  or  four  large  balkets  of  Glauber  falts, 
perhaps  the  mod  perfect  crydals  ever  feen  ;  crydals  from  nine 
to  fifteen  inches  long,  and  one  inch  broad. 

Crystallization  To  avoid  the  trouble  and  expence  of  difTolving  the  fulphate 
fecond^folufion111  ^oda  twice,  while  the  frod  continued  the  operations  were 
continued  in  the  large  way,  in  the  proportions  of  fulphate 
magnefia,  muriate  foda,  and  water,  as  mentioned,  with  the 
precaution  of  pumping  the  liquor  from  the  pans  into  the 
troughs  and  trays,  hot,  but  beneath  the  boiling  point.  The 
whole  of  the  Glauber  fait  was  always  formed  when  the  frod 
was  fevcre,  as  at  thermom.  23,  in  beautiful  and  diftind  crvf- 

s  *  J 

<als,  half  an  inch  broad  and  four  or  five  inches  long. 


PRECAUTIONS  AND  REMARKS. 

Various  cau-  Cad  iron  pans,  heated  in  frofty  weather,  frequently  burd. 

thTmanagcmcnt  BoiIers  fhou,cl  be  made  of  flieet  iron.  Jointed  wooden  veffels 
of  falts.  will  not  hold  hot  faline  liquors.  In  melting  falts  different  fteps 

mud  be  adopted.  Salt  holding  little  water  of  crydallization, 

as 
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as  muriate  of  foda,  fhould  be  added  to  a  fufficient  quantity  of  Various  cau- 
water;  without  a  fufficient  quantity  of  water  in  a  heated  pan  tjons»  &c*  on 
lt  will  fufe  into  a  mafs ;  furface  being  Ion,  the  difficulty  ol  uient  of  (alts, 
folution  isalmoft  inconceivable. 

Salts  holding  an  abundance  of  water  of  cryftallization,  as 
fulphate  of  magnefia  aud  fulphate  of  foda,  ftiould  be  diflolved 
by  a  gentle  heat  in  their  water  of  cryftallization,  and  what 
further  water  may  be  required,  fhould  be  then  added.  Salts 
abounding  in  water  of  cryftallization,  added  to  warm  water, 
will  conglomerate,  the  caloric  is  abforbed,  and  although  a 
fmall  proportion  of  the  fait  is  diflolved,  the  remainder  is  made 
colder :  it  is  governed  by  the  fame  law  as  operates  on  the  fo¬ 
lution  of  ice.  The  power  of  adding  water  evades  a  fuper- 
abundant  quantity  of  mother  liquor,  and  enfures  a  quantity  of 
cryftals. 

To  obtain  the  faline  liquor  white  and  pellucid,  it  fhould  not 
remain  long  in  the  iron  pans,  not  more  than  two  hours. 

The  firft  liquor  pumped  from  the  pans  fhould  be  equally 
mixed  with  the  laft  liquor,  to  obtain  regular  cryftals  in  con  ft  - 
derable  quantity.  It  is  known  that  the  under  layers  of  faline 
liquors  are  heavieft. 

Very  light  liquors  afford  the  largeft  fhoots  or  cryftals.  Very 
large  cryftals  appear  opake,  and  are  never  of  a  good  colour ; 
hence  the  necellity  of  breaking  down  to  make  many  furfaces, 
to  be  acted  upon  by  light. 

Heavy  faline  liquors,  holding  Glauber  falts,  produce  a  quan¬ 
tity  of  fait  in  a  compound  ftate  of  cryftallization. 

A  faline  liquor,  of  a  proper  weight,  will  give  numerous  cryf¬ 
tals,  long  and  narrow,  and  thefe  will  be  found  in  fhape  and 
colour  moft  perfedt.  Such  cryftals  were  formed  by  the  power 
of  fro  ft  in  the  troughs  and  trays,  adting  upon  hot  faline  liquor, 
in  the  night. 

The  duvkejl  nights  produced  the  beft  cryftals.  Perhaps  the  Light  not  necef- 
nmht  was  colder  than  the  day.  At  any  rate,  the  maxim  of  the  laiJ  t0.the  CI^' 

b  ]  n  it  •  •  ,  /-  -  •  •  talhzation  of 

neceflity  of  light  towards  cryftallization  is  doubtful  in  this  in-  fa]ts. 

ftance.  Light  is  not  neceflary  to  the  cryftallization  of  fulphate 

of  foda. 

The  neceflity  of  air  towards  cryftallization,  as  fhewn  by  the  Air  is  neceflary. 
ufual  experiment  of  admitting  air  to  a  folution  of  fait  in  a  veflel 
which  did  not  previoufly  contain  air,  is  frequently  exemplified 
in  the  large  way.  Salts  fometimes  will  not  Ihoot  in  a  liquor 

covered 
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JUe&riclty  is  of 
conference. 


EffV&  of  frofl  in 
thefe  experi- 
nrjents. 


covered  by  a  flrong  pellicle.  The  workmen  break  the  pellicle, 
and  the  falts  inflantly  flioot.  Cryflallization,  under  fuch  cir- 
cumflances,  is  often  immediately  excited  by  gently  running  a 
faline  liquor  from  one  gutter  into  another  gutter. 

Saline  liquors,  under  an  improper  atmofphere,  will  nottorm 
regular  cryttals,  but  accrete  into  fhapelefs  lumps.  1  he  elec¬ 
tric  and  non  electric  flates  of  the  atmofphere  govern  cryflalli- 
zation.  Many  a  maker  of  Glauber  falts  becomes  fatigued  from 
not  underflanding  the  latter  circumftance. 

From  what  has  been  faid,  the  young  chemift  muft  not  fuppofe 
that  the  elective  attractions  are  altered,  and  the  new  com¬ 
pounds  in  thefe  experiments  created  by  means  of  frott.  From 
fulphate  of  magnefia  and  muriate  of  foda,  fulphate  of  foda  and 
muriate  of  magnefia  can  be  obtained  without  frott.  Froft  only 
poffetfes  a  readier  power  of  converting,  from  what  was  formed 
in  a  large  portion  of  fluid,  Glauber  fait  or  fulphate  of  foda, 
fpeedily,  from  a  hot  liquid  into  a  cold  fluid  flate.  The  appa¬ 
rent  caufe  confiftsin  the  power  of  fevere  frolt  in  fuddenly  dif- 
placing  the  caloric,  which  becomes  a  difaggregative  power. 


H.  CAMPBELL. 

21,  Fleet  Street ,  May  20,  1802. 
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XIII. 

j Vote  of  Citizen  Vac  quel  in  refpefting  the  Boracite ,  called 
Magnefio-calcareous  Borate  by  the  French  Chemift s. 

Component  parts  This  foflil,  of  which  the  properties  have  afforded  a  number 
of  the  boracite.  jnterefling  obfervations  to  philofophers  and  mineralogifls, 

has  been  analyzed  for  the  firft  time  by  M.  Weftromb,  whq 
found  it  to  contain. 


Boracic  acid 

63 

Magnefia 

-  13,05 

Lime 

11 

Alumine 

1 

Oxide  of  iron  - 

0,75 

Silex  -  - 

2 

95,80 

Citizen 
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Citizen  Vauquelin  having  examined  this  fubftance  Tome 
time  ago  with  Mr.  Smith,  who  brought  a  confiderable  quan¬ 
tity,  thought  himfelf  juftified  in  concluding,  that  the  lime  is  no 
eflential  part  in  its  compofition,  becaufe  its  powder  effervefces 
with  the  acids,  and  the  fmall  quantity  of  lime  which  chemifts 
find  in  their  analytis,  did  not  appear  to  exceed  that  which  the 
degree  of  effervefcence  has  fince  indicated.  They  then  at¬ 
tempted,  by  weak  acids  diluted  with  much  water,  particularly 
by  the  acetous  acid,  to  feparate  the  portion  of  carbonate  mixed 
with  the  borate  ;  but  they  did  not  fucceed,  becaufe  the  acetous 
acid,  even  though  feebly,  likewife  attacked  the  borate.  They 
then  left  thequeftion  undecided,  for  want  of  tranlparent  crys¬ 
tals  which  did  not  effervefce  with  the  acids. 

But  fince  that  period,  Mr.  Stromager  having  fupplied  Citi¬ 
zen  Vauquelin  with  cryftals  of  this  defcription,  perfe&ly  tranf- 
parent,  he  fubjefted  them  to  new  experiments,  with  the  inten¬ 
tion  merely  of  afcertaining  the  prefence  of  lime. 

He  mixed  their  powder  with  muriatic  acid,  and  when  the  Experiments 

folution  was  effected  by  means  of  a  gentle  heat,  he  evaporated  tIiat 

J  0 .  1  lime  is  not  an 

to  drynefs  in  order  to  expel  the  excels  of  acid,  and  afterwards  efiential  part  of 
diifolved  it  in  a  fmall  quantity  of  cold  diftilled  w'ater.  By  this  mineral* 
method  he  feparated  mod;  of  the  boracic  acid,  which  wras  in 
very  white  brilliant  plates.  He  diluted  the  folution  with  water, 
and  mixed  a  certain  quantity  of  oxalate  of  ammonia,  which, 
as  chemifts  know,  is  the  beft  re-agent  to  fhew  the  prefence  of 
the  fm ailed  quantity  of  lime  contained  in  any  fluid,  provided  it 
contain  no  excefs  of  acid.  Neverthelefs,  it  exhibited  no  iign 
by  which  the  exidence  of  that  lubflance  could  be  fufpected. 

In  order  to  afcertain  that  the  fmall  quantity  of  boracic  acid 
diflblved  by  water,  at  the  fame  time  as  the  muriate  of  magnefla, 
did  not  oppofe  the  precipitation  of  the  lime,  he  mixed  a  portion 
of  the  muriate  of  lime,  which  did  not  certainly  amount  to  a 
fiftieth  part  of  the  borate  employed,  and  a  cloud  was  immedi¬ 
ately  produced  through  the  whole  of  the  fluid. 

On  the  other  part,  he  decompofed  the  artificial  borate  of 
lime  in  the  fame  manner  as  the  natural  borate,  and  obtained, 
by  the  addition  of  oxalate  of  ammonia,  a  very  abundant  preci¬ 
pitate. 

It  is  therefore  evident,  that  if  the  natural  borate  had  contain¬ 
ed  only  one  hundredth  part  of  its  weight  of  lime,  it  would  have 
given  feme  indication  by  the  methods  employed  by  C.  Vau¬ 
quelin 
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quelin.  He  therefore  concludes,  that  the  natural  magnefian 
borate,  when  perfectly  tranfparent,  does  not  contain  lime,  and 
that  that  which  is  found  in  opake  cryftals  is  interpofed  in  the 
ftate  of  carbonate,  and  caufes  their  opacity. 

This  fubftance  muft  not  therefore  any  longer  be  confidercd 
as  a  triple  fait,  under  the  name  of  magnefio-calcareous  borate, 
but  fimply  that  of  magnefian  borate. 

Bulletin  des  Sciences ,  No.  60. 


XIV. 


Bads  and  Obfcrvations  tending  to  explain  the  curious  Phenomenon 
of  Ventriloquifm.  Bp  Mr.  John  Gough  *. 

The  power  of  In  the  excellent  Paper  from  which  I  have  extracted  the  fol- 
dutmgmrtimg  _  lowing  pages,  the  author  begins  by  obferving,  that  the  power 

found  has  been  °f  the  ear  to  diftinguifti  very  flight  variations  of  tone  has  long 
long  con  fide  red  j  been  a  fubject  of  univerfal  notice  ;  but  (hat  anothor  very  re¬ 
direction0.  '  markable  power,  namely  that  of  afeertaining  the  dire6tion  of 
found,  remains  ftill  without  explanation.  We  perceive  not 
only  the  tone,  intenfity,  and  character  of  found  ;  but  alfo  whe¬ 
ther  it  arrives  from  the  right  or  the  left,  from  above  or  below, 
and  this  with  a  degree  of  precifion  which  is  of  great  and  emi¬ 
nent  utility  in  the  concerns  of  life. 

All  founds  arrive  To  inveftigate  the  foundation  of  this  habitual  judgment,  we 

in  the  ear  from  cannot  have  recourfe  to  analogy  of  the  fenfe  of  hearing  with 
the  fame  direc-  0-'  ® 

tion,  that  of  vifion.  The  laft  direction  of  the  ray  of  light  is  phyfi- 

cally  imprelTed  by  the  pencil  which  enters  the  organ  of  that 

fenfe  :  but  in  the  ear  the  undulations  of  found  are  all  made  to 

ftrike  the  inftrument  of  perception  in  the  fame  direction, 

namely  that  of  the  auditory  paflage.  The  author,  therefore. 

Our  knowledge  is  led  to  attend  to  other  facts  and  obfervations.  He  found  by 

of  found'dfe's011  exPeriment*  vvith  an  inftrument  continued  to  afford  the  fame 
not  depend  on  equal  found  by  blows  from  the  adtion  of  a  fpring,  that  he  could 
the  impuhfe  m  judge  of  an  increafe  or  diminution  of  diftance,  to  the  one  hun- 

other  fads.  dred  and  twentieth  part  of  the  whole  range.  He  alfo  remarks. 
Statement. 

*  Partly  abridged  and  partly  extra&ed  from  his  “  Inveftigation 
“  of  the  Method  whereby  Men  judge  by  the  Ear  of  the  pofition  of 
“  Sonorous  Bodies  relative  to  their  own  Pcrfons.”  Man«hefter 
Memoirs,  vol.  V.  part  2,  page  622.  London,  1802. 
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that  found  is  moft  effedfive,  when  its  courfe  is  mold  diredlly 
oppofed  towards  the  organ  ;  and  thews  by  experience,  that  the 
head  itfelf  is  a  fentitive  folid,  capable  of  perceiving  founds  by 
their  adtion  upon  its  furface.  Hence  when  the  differences  of 
effect  of  the  fame  found,  from  its  difference  of  diflance  and 
direction  with  regard  to  the  two  ears,  and  the  two  fides  or 
portions  of  the  head  are  confidered,  there  will  be  a  fufficiently 
great  variety  in  the  fenfations  to  mark  the  circumftance  of 
direction,  and  produce  an  habitual  power  of  difcrimination  in 
this  refpedt  as  in  all  others,  which  continually  affedt  our  daily 
operations. 

The  annexed  diagram.  Fig.  2,  Plate  VII.  is  given  to  ex-  Diagram  tofhew 
plain  the  phenomena  which  arife  from  the  pulfes  of  found 

1  .  1  1  found  on  the  * 

being  obltrudted  by  the  hearer’s  head,  as  they  move  in  the  head, 
horizontal  plane  palling  through  his  ears,  which  cafe  ought  to  Djre&  bearing, 
be  treated  feparately  from  the  more  complex  one  that  com¬ 
prizes  the  angle  of  elevation,  along  with  the  horizontal  dis¬ 
tance  from  the  axis  of  hearing.  When  the  fonorous  objedt 
Hands  directly  in  front  of  the  hearer,  the  femicircle  A  C  B  may 
be  fuppofed  to  reprefent  the  horizontal  fection  of  his  head, 
palTing  through  the  places  of  the  ears,  E  and  F,  and  the  axis 
of  hearing  E  F ;  alfo  let  G  be  the  place  of  the  founding  body, 
which,  according  to  the  conditions  of  the  cafe,  lies  in  the 
plane  A  C  B  produced,  and  likewife  in  the  right  line  G  S, 
which  bifects  E  F  at  right  angles ;  feeing  then  E  F  is  bifedted 
by  the  perpendicular  S  G,  the  arch  E  C  F  is  alfo  bifedted  by 
the  fame  in  the  point  C.  Draw  L  G,  G  K,  to  touch  the  cir¬ 
cle  in  T  and  P,  then  will  the  arcs  TEC,  and  C  F  P  be  equal. 

Nowall  the  pulfes  which  do  not  move  in  right  lines,  con¬ 
tained  in  the  angles  T  G  S  and  SG  P  fly  off  without  touching 
the  circle  ;  confequently  they  add  nothing  to  the  found  im- 
preffed  on  the  ears  by  the  body  placed  at  G,  whether  the 
places  E  and  F  be  fuppofed  to  lie  in  the  arcs  T  C  and  C  P, 
or  without  them.  But  the  fame  number  of  pulfes  equal  in 
force  will  fall  in  a  given  time,  and  in  fimilar  diredtions,  on  the 
arcs  TEC  and  C  F  P  as  well  as  on  the  ears  fituated  at  E  and 
F  ;  and  it  is  equally  manifefl,  that  the  fame  reafoning  will 
apply  to  two  equal  and  fimilar  folids,  conftrudled  upon  the 
equal  and  fimilar  planes,  ECS  and  F  C  S.  Now  found, 
though  it  be  formed  in  the  ears,  is  very  much  increafedby  the 
vibrations  excited  in  the  contiguous  parts  of  the  head  by  the 

pulfes 
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Phenomena  of 
oblique  hearing 


Pra&ical  delica¬ 
cy  of  perception 
as  to  the  courfe 
of  found. 

Deception  of 
hearing  from 

echos. 


pulfes  which  fall  upon  them  :  therefore,  as  often  as  the  two 
portions  of  the  head,  which  are  feparated  by  the  vertical 
plane  perpendicular  to  the  axis  of  hearing,  are  equally  agi¬ 
tated  by  the  pulfes  of  the  fame  found,  the  ears  are  alfo  equally 
affedted  from  the  lame  caufe ;  which  never  happens,  as  wre 
learn  from  the  teftimony  of  the  other  fenfes,  unlefs  the  found¬ 
ing  body  be  placed  fomewhere  in  the  right  line  that  bifedts  the 
axis  of  hearing  at  right  angles.  In  this  manner  men  are  taught 
by  experience  to  draw  a  general  inference  from  a  general  ob- 
fervation  ;  they  therefore  conclude  a  body  to  Be  fuuated  di¬ 
rectly  before  or  behind  their  perfons,  as  often  as  the  found  of 
it  ftrikes  both  their  ears  writh  equal  forces. 

The  phenomena  of  oblique  hearing  remain  to  be  explained; 

*  which  cafe  occurs  as  often  as  the  founding  body  is  fituated  in 
the  horizontal  plane,  but  not  in  the  right  line  that  bifedts  the 
axis  of  hearing  at  right  angles.  Let  M  be  the  place  of  the 
founding  body,  and  draw  M  O  to  the  centre  of  the  circle ; 
alfo  let  O  C  bifedt  the  arc  E  C  F,  and  take  O  G  in  it  equal  to 
O  M :  alfo  draw  WM,  MR,  P  G,  G I  tangents  to  the 
circle.  Now  fuppofe  a  found  equal  to  that  at  M,  to  proceed 
from  G,  then  the  latter  would  have  the  fame  effedt  on  the  ape 
T  C  P  that  the  former  has  on  W  D  R,  becaufe  the  arcs  are 
manifeftly  equal,  and  alike  fituated  relative  to  the  points  M 
and  G.  But  the  found  proceeding  from  G  is  a  cafe  of  direct 
hearing,  confequently  the  ears  placed  at  E  and  F  receive 
equal  impreflions  from  it,  which  is  not  the  cafe  with  the 
pulfes  that  flow  from  M.  For  though  the  forces  imparted  to 
the  two  arcs,  TCP,  WDR  are  equal,  they  do  not  fall 
equally  on  the  circle  in  refpedt  to  the  points  E  and  F,  which 
reprefent  the  ears;  the  found  therefore  coming  from  M  ftrikes 
thefe  organs  with  unequal  forces,  as  may  be  eafily  inferred 
from  the  figure. 

.  The  judgment  of  the  diredtion  of  founds  by  Mr.  Gough’s 
ear  was  precife  to  about  eight  degrees  of  pofition  as  to  the 
horizon,  and  about  ten  degrees  as  to  elevation  above  its  plane. 

The  faculty  by  which  men  judge  of  the  diredtion  of  founds 
muft  inevitably  be  liable  to  deception,  whenever  the  fonorife- 
rous  undulations  are  made  to  arrive  in  a  diredtion  which  is  not 
from  the  tonorous  objedt,  as  in  the  cafe  of  echo ;  and  thefe 
deceptions  will  be  the  more  itriking,  as  w'e  are  apt  to  rely  on 
the  teftimony  of  the  fenfe  with  the  moft  implicit  confidence. 

Upon 
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Upon  this  which  conftitutes  the  fupplementary  part  of  the 
prefent  effay,  I  lhall  copy  my  author  without  farther  abridge¬ 
ment  or  fele&ion,  page  644. 

“  Any  perfon  who  has  had  occafion  to  walk  along  a  valley  Inftance  of  the 
obftru&ed  with  buildings,  at  the  time  that  a  peal  of  bells  was 
ringing  in  it,  will  affent  to  the  truth  of  the  circumftance  here  the  found  of 
alluded  to  *.  For  the  found  of  the  bells  inftead  of  arriving  be^s* 
conftantly,  at  the  ears  of  a  perfon  fo  fituated,  in  its  true  direc¬ 
tion,  is  frequently  refle&ed  in  a  fhort  time  from  two  or  three 
different  places.  Thefe  deceptions  are  in  many  cafes  fo  much 
diverfified  by  the  fucceftive  interpofitions  of  frefh  objefits,  that 
the  fteeple  appears,  in  the  hearer's  judgment,  to  perform  the 
part  of  an  expert  ventriloquift  on  a  theatre,  the  extent  of 
which  is  adapted  to  its  own  powers,  and  not  to  thofe  of  the 
human  voice. 

“  The  phenomenon  has  often  attradted  my  attention  ;  and  This  effe&  is 
the  fimilarity  of  effect  which  connects  it  with  ventriloquifm,  Similar  to  that:  of 
convinces  me  every  time  I  hear  it,  that  what  we  know  to  be 
the  caufe  in  one  inftance  is  alfo  the  caufe  in  the  other  :  I  mean 
that  the  echo  reaches  the  ear,  while  the  original  found  is  in¬ 
tercepted  by  accident  in  the  cafe  of  the  bells,  but  by  art  in  the 
cafe  of  the  ventriloquift.  In  order  that  the  caufe  which  gives 
rife  to  the  amufing  tricks  of  this  uncommon  talent  may  be 
pointed  out  with  the  greater  clearnefs,  it  will  be  proper  to 
deferibe  certain  circum fiances  that  take  place  in  the  a£l  of 
fpeaking,  becaufe  the  fkill  of  the  ventriloquift  feems  to  conftft 
in  a  peculiar  management  of  them.  Articulation  is  the  art  of 
modifying  the  found  of  the  larynx,  by  the  afiiftance  of  the 
cavity  of  the  mouth,  the  tongue,  teeth,  and  lips.  The  dif¬ 
ferent  vibrations,  which  are  excited  by  the  joint  operation  of 
the  feveral  organs  in  aftion,  pafs  along  the  bones  and  carti¬ 
lages,  from  the  parts  in  motion  to  the  external  teguments  of 
the  head,  face,  neck,  and  cheft  ;  from  which,  a  fucceftion  of  The  human 
fimilar  vibrations  is  imparted  to  the  contiguous  air,  thereby  from  the 
converting  the  fuperior  moiety  of  the  fpeaker's  body  into  an  mouth  only- 
extent!  ve  feat  of  found,  contrary  to  general  opinion,  which 
fuppofes  the  paffage  of  the  voice  to  be  confined  to  the  opening 

*  Viz.  that  a  fudden  change  of  direffion  in  found  will  be  per¬ 
ceived  when  the  original  communication  is  intercepted,  provided 
ther«  be  a  fenfible  echo, — N. 

4  of 
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of  the  lips:  there  are  but  few  perfons,  I  imagine,  who  have 
not  foine  time  or  other  witnetfed  an  incident,  which  thews 
Inftancc.  the  vulgar  notion  to  be  erroneous  in  this  particular.  For  if  a 
man  handing  in  a  clofe  apartment  fhould  happen  to  apply  his 
face  to  a  loop  hole,  or  narrow  window,  in  order  to  fpeak  to 
fome  perfon  in  the  open  air,  a  by-ftander  in  the  room  with 
him  will  hear  his  voice,  not  indeed  in  its  natural  tone,  but  as 
if  it  were  fmothered  by  being  forced  to  iffue  from  a  hollow 
cafe  ;  but  the  circumftance  of  his  words  being  heard  diftin&ly, 
by  one  who  cannot  receive  them  from  his  mouth,  proves  the 
vibrations  requifite  for  their  production  to  be  conveved  through 
the  folid  parts  of  the  fpeaker’s  body,  agreeably  to  the  preced¬ 
ing  affertion.  The  reafon  why  we  generally  conclude  the 
voice  to  be  confined  to  the  opening  of  the  mouth,  appears  to 
be  this.  Thofe  pulfes  which  efcape  from  the  aperture  are  the 
ftrongeft,  they  therefore  furpafs  the  weaker  vibrations  of  the 
contiguous  parts ;  for  when  a  number  of  founds  moving  in 
different  directions  ftrikes  the  ear  at  J:he  fame  inftant,  the 
hearer  does  not  notice  their  feveral  places,  but  refers  all  of 
them  to  the  quarter  in  which  the  moft  powerful  is  perceived. 
For  inftance,  when  a  man  ftands  at  a  fufficient  diftance  from 
an  extenfive  obftacle,  his  words  are  anfwered  by  an  echo ; 
but  let  him  make  a  loud  uninterrupted  noife,  neither  he  nor 
any  body  near  him  hears  two  voices  whilfl  his  continues,  but 
as  foon  as  the  noife  ceafes  the  echo  is  perceived.  This  does 
not  happen  becaufe  the  one  begins  the  moment  the  other  ends ; 
but  the  reflected  found  being  the  wreaker  of  the  two,  it  is 
fmothered  by  that  which  precedes  it. 

Effect  of  undif-  “  We  have  feen  in  what  manner  fecondary  or  reflected  founds 

tinguifhed  echos  are  fmothered  by  their  principals;  but  though  the  places  of 
upon  the  voice  J  1  m  r  r 

or  an  inftru-  fuch  founds  are  not  recognized  by  the  ear,  their  effeCts  do  not 
m£nt*  die  away  unnoticed  :  for  the  reverberated  pulfes  mingle  with 

thofe  which  come  immediately  from  the  founding  body,  and 
thereby  alter  the  fenfation,  wrhich,  without  their  interference, 
would  be  lefs  compounded.  This  is  the  reafon  why  the  fame 
mufical  inftrument  has  one  tone  in  a  clofe  chamber,  where  its 
notes  undergo  a  multiplicity  of  reverberations,  and  another  in 
the  open  air,  where  the  reflections  are  few  in  comparifon. 

Cafe  of  an  ora-  “  But  Bine  to  aPPty  the  preceding  faCts  to  the  fubjeft  in 
tor;  hand  ;  and  it  will  be  proper  to  begin  with  a  familiar  example. 

When  an  orator  addreffes  an  audience  in  a  lofty  and  fpacious 

/  room, 
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room,  his  voice  is  reflected  from  every  point  of  the  apartment, 
of  which  all  prefent  are  made  fenfible  by  the  confufed  noife 
that  fills  up  every  paufe  in  his  difcourfe  ;  neverthelefs  every 
one  knows  the  true  place  of  the  fpeaker,  becaufe  his  voice  is 
the  prevailing  found  at  the  time.  Butwrere  it  polhble  to  pre¬ 
vent  his  words  from  reaching  any  one  of  the  audience  direfUy, 
what  then  would  follow?  Undoubtedly  a  complete  cafe  of whomay become 
ventriloquifm  would  be  the  confequence,  and  the  perfon  f0  a  veatnlo(lulft< 
circumftanced  wrould  tranfport  the  orator,  in  his  own  mind, 
to  the  place  of  the  principal  echo,  which  would  perform  the 
part  of  the  prevailing  found  at  the  inftant.  This  he  would  be 
obliged  to  do,  becaufe  the  human  judgment  is  bound,  by  the 
dictates  of  experience,  to  regard  the  perfon  as  infeparable 
from  the  voice ;  and  the  deception  in  queftion  would  be  una-  . 
voidable,  being  produced  by  the  fame  concurrence  of  caufes 
which  makes  a  peal  of  bells,  fituated  in  a  valley,  feem  to 
change  place  in  the  opinion  of  a  traveller.  It  is  the  bufinefs  Conditions  of 
of  a  ventriloquift  to  amufe  his  admirers  with  tricks  refembling  art» 
the  foregoing  delufion ;  and  it  will  be  readily  granted,  that 
he  has  a  fubtle  fenfe,  highly  correfited  by  experience,  to  ma¬ 
nage,  on  which  account  the  judgment  muft  be  cheated  as  well 
as  the  ear.  This  can  only  be  accomplifhed  by  making  the 
pulfes,  conftituting  his  words,  firike  the  heads  of  his  hearers, 
not  in  the  right  lines  that  join  their  perfons  and  his.  He  mull 
therefore  know  how  to  difguife  the  true  direction  of  his  voice, 
becaufe  the  artifice  will  give  him  an  opportunity  to  fubfiitute 
almoft  any  echo  he  chufes  in  the  place  of  it.  But  the  fupe- 
rior  part  of  the  human  body  has  been  already  proved  to  form 
an  extenfive  feat  of  found,  from  every  point  of  which  the 
pulfes  are  repelled,  as  if  they  diverged  from  a  common  centre. 

This  is  the  reafon  why  people,  who  fpeak  in  the  ufual  way, 
cannot  conceal  the  direction  of  their  voices,  which  in  reality- 
fly  off  towards  all  points  at  the  fame  inftant.  The  ventrilo-  T^e  ^,und  muft 
quift  therefore,  by  fome  means  or  other,  acquires  the  difficult  iflue  from  the 
habit  of  contracting  the  field  of  found  within  the  compafs  Q£moutb*nb> 
his  lips,  which  enables  him  to  confine  the  real  path  of  his 
voice  to  narrow  limits.  For  he,  who  is  mafter  of  the  art,  has 
nothing  to  do  but  to  place  his  mouth  obliquely  to  the  com¬ 
pany  ;  and  to  dart  his  words,  if  I  may  ufe  the  exprelfion, 
againft  an  oppofing  obje6t,  whence  they  will  be  refleded  im¬ 
mediately,  fo  as  to  ftrike  the  ears  of  the  audience  from  an  and  it  muft  be 

unexpected  conveyed  by  echo . 
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Narrative  of  a 
ventriloquift. 


Voice  of  a  child 
from  beneath 
certain  benches : 


roifes  from  a 
cupboard. 


cries  from  an  in 
verted  cup. 


Method  of  ope¬ 
rating. 


unexpected  quarter,  in  confequence  of  which  the  refle6tor  will 
appear  to  be  the  fpeakcr.  Nature  Teems  to  fix  no  bounds  to 
this  kind  of  deception,  only  care  muff  be  taken  not  to  let  the 
path  of  the  direct  pulfes  pafs  too  near  the  head  of  the  perfon 
who  is  to  be  played  upon  ;  for,  if  a  line  joining  the  exhibitor’s 
mouth  and  the  reflecting  body  approach  one  of  his  ears  too 
nearly,  the  divergency  of  the  pulfes  will  make  him  perceive 
the  voice  itfelf  inflead  of  the  reverberated  found. 

The  only  ventriloquift  I  ever  attended,  aCted  in  ftriCt  con¬ 
formity  to  the  preceding  theory  of  this  curious  paradox  in  the 
fcience  of  acou flics.  His  audience  was  arranged  in  two  op- 
pofite  lines,  correfponding  to  the  two  tides  of  a  long  narrow 
room,  The  benches  on  which  they  were  feated  reached  from 
one  end  of  the  place  to  the  middle  of  it,  the  other  part  re¬ 
maining  unoccupied.  The  feats  exhibited  by  him  were  the 
three  following.  Firft ;  he  made  his  voice  come  from  behind 
his  audience,  but  it  never  Teemed  to  proceed  from  any  part 
of  the  wall,  near  the  heads  of  the  people  prefent ;  on  the 
contrary,  it  was  always  heard  refembling  the  voice  of  a  child, 
who  Teemed  to  be  under  the  benches.  He  flood  during  the 
time  of  fpeaking  in  a  flooping  pofiure,  having  his  mouth 
turned  towards  the  place  from  which  the  found  iffued  ;  fo  that 
the  line  joining  his  lips  and  the  reflecting  objcCt,  did  not  ap¬ 
proach  the  cars  of  the  company.  Second :  advancing  into  the 
vacant  part  of  the  room,  and  turning  his  back  to  the  audience, 
he  made  a  variety  of  noifes,  that  Teemed  to  proceed  from  an 
open  cupboard  which  flood  direCtly  before  him,  at  the  diflance 
of  two  or  three  yards.  Third ;  he  placed  an  inverted  glafs 
cup  on  the  hands  of  his  hearers,  and  then  imitated  the  cries 
of  a  child  confined  in  it.  His  method  of  doing  it  was  this ; 
the  upper  part  of  the  hearer’s  arm  laid  clofe  along  his  fide; 
then  the  part  below  the  elbow  was  kept  in  an  horizontal  po- 
lition  with  the  hand  turned  downwards,  which  was  done  by 
the  operator  himfelf.  After  taking  thefe  preparatory  fleps, 
the  man  bent  his  body  forwards  in  a  filuation  which  prefented 
the  profile  of  his  face  nearly  to  the  front  of  his  hearer,  whilft 
his  mouth  pointed  to  the  cup  ;  in  which  poflure  he  copied 
the  voice  of  a  confined  child  fo  completely,  that  three  peti¬ 
tions  of  the  glafs  were  eafily  diflingui filed  by  as  many  diffe¬ 
rent  tones,  viz.  when  he  prefled  the  mouth  of  the  cup  clofe 
againfl  the  palin,  when  one  edge  of  it  was  elevated,  and 

when 
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when  the  veil'd  was  held  near  the  hand  but  did  not  touch  it. 

The  iecond  and  third  inHanees  of  ventriloquifm  afford  flrong 
proofs,  that  this  delufive  talent  is  nothing  more  than  the  art  of 
1  ubHituting  an  echo  for  the  primary  found;  for,  betides  the 
Change  perceivable  in  the  dire&ion  of  the  voice,  it  was  found 
to  be  blended  with  a  variety  of  fecondary  founds  ;  fuch  as  we 
know  by  experience  are  produced  as  often  as  a  noife  of  any 
kind  itfues  from  a  cavity.  I  have  already  made  fome  remarks  Remarks  and 
on  this  tpecies  of  knowledge  ;  but  it  would  be  improper  to  observations, 
difmifs  the  fubject  without  noticing  the  accuracy,  with  which 
the  ear  recognizes  the  finer  modifications  of  lounds,  and  their 
caufes.  I  have  frequently  obferved,  that  a  certain  waterfall 
makes  a  flatter  and  duller  noife  when  the  ground  is  covered 
with  frow,  than  that  which  it  affords  at  other  feafons.  The 
human  voice  alfo  undergoes  a  fimilar  change  within  doors,  by 
itriking  a  multiplicity  of  foft  bodies,  fuch  as  a  number  of  piles 
of  wool,  or  a  crowded  congregation  in  a  church. 

The  method  of  preventing  the  vibration  of  the  vocal  organs  Difficulty  not 
from  reaching  the  external  teguments,  is  Hill  wanting  to  com-  *°ived* 
plete  this  theory  of  ventriloquifm ;  and  I  prefume  it  can  only 
be  fupplied  by  an  adept  in  the  art.  I  mufl  therefore  difmifs 
the  fubje6t  unfinifhed,  becaufe  I  have  no  pretenfion  to  that 
character. 


XV. 

I 

An  AnaljjJis  of  a  Mineral  Suhftance  from  North  America,  con¬ 
taining  a  Metal  hitherto  unkitozun.  By  Oil  arles  Hatc hett, 

Efq.  *. 

I  N  the  courfe  of  the  lafi  fummer,  when  I  was  examining  Specimen  of  mi- 

and  arranging  fome  minerals  in  the  Britifli  Mufeum,  I  ob- nera* 

?  ®  ;  the  Britifh  Mu- 

j'erved  a  fmall  fpecimen  of  a  dark-coloured  heavy  fubfiance,  feum. 
which  attracted  my  attention,  on  account  of  fome  rcfemblance 
which  it  had  with  the  Siberian  chromate  of  iron,  on  which  at 
that  time  I  was  making  experiments. 

Upon  referring  to  Sir  Hans  Sloane’s  catalogue,  I  found  that  Hiftorical  parti- 
ibis  fpecimen  was  only  defcribed  as  “  a  very  heavy  black  Hone,  cu]ars* 

Philof.  Tranf;  1802. 


VolII. — June,  1802. 


K 


*'  with 


130 


ACCOUNT  OF  A  MINERAL  SUBSTANCE. 


“  with  golden  ftreaks,”  which  proved  to  be  yellow  mica; 
and  it  appeared,  that  it  had  been  fent,  with  various  fpecimens 
of  iron  ores,  to  Sir  Hans  Sloane,  by  Mr.  Winthrop,  ot  Mai* 
fachutets.  The  name  of  the  mine,  or  place  where  it  was 
found,  is  alfo  noted  in  the  catalogue ;  the  writing  however  is 
lcarcely  legible :  it  appears  to  be  an  Indian  name,  (Naut- 
neauge)  but  I  am  informed  by  feveral  American  gentlemen, 
that  many  of  the  Indian  names  (by  which  certain  (mall  diftricts, 
hills,  &c.  were  forty  or  lifty  years  ago  diftinguilhed,)  are  now 
totally  forgotten,  and  European  names  have  been  adopted  in 
the  room  of  them.  This  may  have  been  the  cale  in  the  pre¬ 
lent  inftance  ;  but,  as  the  other  fpecimens  fent  by  Mr.  Win¬ 
throp  were  from  the  mines  ot  MatTachulets,  there  is  every 
reafon  to  believe  that  the  mineral  lubftanee  in  queftion  came 
from  one  of  them,  although  it  may  not  now  be  eafy  to  iden¬ 
tify  the  particular  mine. 


§  I.  DESCRIPTION  OF  THE  ORE. 

Dcfcriptlon.  The  external  colour  is  dark  brownilh  gray. 

The  internal  colour  is  the  fame,  inclining  to  iron  gray. 

The  longitudinal  fracture  is  imperfectly  lamellated  ;  and  the 
crofs  fradture  lliews  a  line  grain. 

The  luftre  is  vitreous,  llightly  inclining  in  fome  parts  to 
metallic  luftre. 

It  is  moderately  hard,  and  is  very  brittle. 

The  colour  of  the  ftreak  or  powder  is  dark  chocolate  brown. 
The  particles  are  notattrafted  by  the  magnet. 

The  fpecific  gravity,  at  temp.  65°,  is  5918  *. 


Experiment  1 . 

Some  of  the  ore,  reduced  to  line  powdGr,  was  digefted  in 


The  ore  was  di¬ 
gefted  in  muria-  boiling  muriatic  acid  for  about  one  hour, 
tic  acid. 

Little  action.  •  The  following  refults  of  fome  experiments  which  I  have  pur- 
pofely  made,  will  fhew  how  much  the  fpecific  gravity  of  this  ore  is 
different  from  that  of  Wolfram,  and  Siberian  chromate  of  iron. 

Pure  Wolfram,  fireefroni  extraneous  fubftances,  at  tern.  (55°  6955. 

Siberian  chromate  of  iron,  containing  fome  of  the  green  oxide  3728. 
Pure  Siberian  chromate  of  iron  ...  4355. 

The  Siberian  chromate  of  iron,  like  all  other  mineral  fubftances 
which  are  not  cryftallized,  and  which  confequently  are  not  always 
homogeneous,  mult  evidently  be  liable  to  coniiderable  vaiiations  in 
fpecific  gravity. 

The 
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The  acid  appeared  to  have  adted  but  (lightly  upon  the  pow¬ 
der  ;  as  the  former  remained  colourlels,  and  the  latter  did  not 
feem  to  be  diminifhed.  A  portion,  however,  chiefly  of  iron, 
was  found  to  be  diffolved;  for  ammonia  formed  a  yellow  floc- 
culcnt  precipitate ;  prufllate  of  potafh  produced  one  which 
was  blue ;  and  tincture  of  galls,  when  the  excefs  of  acid  had 
been  previoufly  faturated  by  an  alkali,  formed  a  precipitate  of 
a  rich  purplifli  brown  colour. 

Experiment  2. 

Another  portion  of  the  powder  was,  in  like  manner,  digefted  In  nitric  acid : 
with  nitric  acid;  but,  excepting  fome  flight  traces  of  iron,  a<“*lon* 
this  acid  afforded  nothing  worthy  of  notice  ;  the  action  of  it 
upon  the  ore,  Avas  indeed  fcarcely  perceptible. 

Experiment  3. 

Some  of  the  pulverized  ore  was  digefted  with  concentrated  In  fulphuric 
fulphuric  acid,  in  a  ffrongly-heated  fand-bath,  until  nearly  the  a(^ion. 
whole  of  the  acid  was  evaporated  ;  the  edges  of  the  mafs  then 
appeared  blueifli,  and  became  white,  when  boiling  diftilled 
water  was  added. 

This  acid  certainly  adled  much  more  powerfully  than  thofe 
which  have  been  mentioned  ;  but  ffill  only  a  fmall  part  of  the 
ore  was  diffolved.  It  muff  however  be  obferved,  that  a  very 
copious  blue  precipitate  was  obtained  by  prufliate  of  potafh  ;  a 
plentiful  purplifli  brown  precipitate  was  alfo  produced  by  tinc¬ 
ture  of  galls,  after  the  excefs  of  acid  had  been  laturated  by  an 
alkali ;  and,  laftly,  when  the  yellow  ferruginous  precipitate 
formed  by  ammonia  was  diffolved  in  diluted  nitric  acid,  fome 
white  flocculi  remained,  which  were  completely  infoluble  in 
the  acid,  even  when  it  was  added  lb  as  to  be  in  confiderabie 
excefs. 

From  thefe  experiments  it  was  evident,  that  the  ore  could 
not  readily  be  decompofed  by  the  diredt  application  of  the 
mineral  acids  ;  and  I  therefore  had  recourfe  to  the  following 
method,  which  has  frequently  been  employed  with  luccets  in 
fimilar  cafes. 

ANALYSIS. 

A. 

A  mixture  of  200  grains  of  the  powdered  ore  with  five  times  Fufion  with  car- 
tbe  weight  of  carbonate  of  potafh,  was  expofed  to  a  ftrongred  bonate  of  potafh. 

K  2  heat. 
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Precip.  by  ni¬ 
trous  acid  : 
white  flakes. 


heat,  in  a  illver  crucible.  As  foon  as  the  matter  began  to  flow, 
a  very  perceptible  elfervelcence  took  place  ;  and,  when  this 
had  fublided,  the  whole  was  poured  into  a  proper  vefful. 

The  mafs,  when  cold,  was  gray  i  Ill-brown. 

Solution  m  wa-  Boiling  diftilled  water  was  poured  upon  it ;  and  the  brown 
iefldue.  refiduum,  which  was  confi durable,  was  well  edulcorated  upon 

a  filter. 

1  he  filtrated  liquor  had  a  flight  yellowifh  tinge,  and,  being 
fuperfaturated  with  nitric  acid,  afforded  a  copious  white  fl Oc¬ 
cident  precipitate,  which  fpcedily  fubfided  ;  but,  although  a 
very  conliderable  additional  quantity  of  nitric  acid  was  poured 
upon  the  precipitate,  it  was  not  re-diffolved. 

The  re/id ue  did  The  refiduum  of  the  ore  was  dark  brown,  and  was  again 
not  yield  to  fu-  .  ,  .  .  , 

flon  by  potafli.  melted  with  potafli.  and  treated  as  before  ;  but  lcarcely  any 

effect  was  thus  produced  ;  the  alkali  was  therefore  walked  off. 

It  was  therefore  and  the  powder  was  digefted  with  muriatic  acid,  which  toon 

digefted  with  affumed  the  deep  yellow  colour  ufually  communicated  to  it  bv 
mur.  acid,  #  *  j  J  J 

which  took  up  iron.  After  half  an  hour,  the  acid  was  decanted,  and  the 
,ron‘  refiduum  was  wafhed  with  diftilled  water. 

This  refidue  was  This  powder  was  now  of  a  much  paler  colour  ;  and,  being. 
afh,  andpiecipi-  mixed  with  potalh,  it  was  melted  and  treated  as  before.  A 
tated  as  before,  confiderable  precipitate  was  again  obtained  by  the  addition  of 
nitric  acid  ;  and  the  refiduum,  after  being  digefted  with  mu¬ 
riatic  acid,  was  again  fufed  with  potafli,  by  which  means  the 
whole  was  completely  decompofed,  after  about  five  repetitions 
of  each  operation. 

B. 

The  muriatic  folution  was  diluted,  and,  being  faturated  with 
ammonia,  afforded  a  plentiful  ochraceous  precipitate  ;  which 
again  was  diffolved  in  cold  dilute  nitric  acid,  and  afforded  a 
(mall  quantity  of  a  white  infoluble  fubftance,  fimilar  to  that 
which  was  obtained  from  the  alkaline  folution.  From  this 
nitric  folution,  I  then  obtained,  by  means  ot  ammonia,  a  pre¬ 
cipitate  of  oxide  of  iron,  which,  being  properly  dried,  weighed 


What  was  left 
was  treated  in 
the  fame  man¬ 
ner. 


The  muriatic 
folution  fatura¬ 
ted  with  ammo 
nia  afforded  the 
>nn. 


40  grams. 


C. 


The  nitric  pre-  The  different  alkaline  folutions  which  had  been  made  fubfe- 
d  pi  cates  were  a  qlienf  to  that  which  lias  been  firft  mentioned,  were  mixed  to¬ 
gether,  and,  being  fuperfaturated  with  nitric  acid,  afforded 
the  fame  white  infoluble  precipitate ;  the  total  quantity,  of 
which,  obtained  from  200  grains  of  the  ore,  amounted  to. 
about  150  grains. 

The 
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The  liquor  from  which  this  precipitate  had  been  feparated  and  the  fluid 
by  nitric  acid,  was  then  faturated  with  ammonia,  and,  being  more  ;m/# 
boiled,  afforded  about  two  grains  of  oxide  of  iron. 

I  obtained,  therefore,  from  200  grains  of  the  ore. 

Grains.  Grains. 

Oxide  of  iron  •  -  -  42  7  _  j 

And  of  the  white  precipitated  fubftance  155  3 

But,  as  I  could  not  repeat  the  analyfis  without  deftroying 
the  remaining  part  of  the  only  fpecimen  at  prefent  known  ot 
this  ore,  I  do  not  wifh  the  above  ftated  proportions  to  be  re¬ 
garded  as  rigidly  exa<51 ;  it  will  be  fufficient,  therefore,  to  fay 
at  prefent,  that  the  ore  is  compofed  of  about  three  parts  ot  the 
white  matter,  and  rather  lefs  than  one  of  iron, 

§  II.  PROPERTIES  OF  THE  WHITE  PRECIPITATE, 

A. 

It  is  of  a  pure  white,  and  is  not  extremely  heavy.  The  white  pre- 

It  has  fcarcely  any  perceptible  flavour,  nor  does  it  appear  to  clPltate 
be  foluble  in  boiling  water ;  when,  however,  fome  of  the 
powder  is  placed  upon  litmus  paper  moiflened  with  diftilled 
water,  the  paper  in  a  few  minutes  evidently  becomes  red. 

B. 

1.  When  examined  by  the  blow-pipe,  it  is  not  fuftble  per  is  infuflble, 

Je  in  a  fpoon  of  platina,  nor  upon  charcoal,  but  only  becomes 

of  a  lefs  brilliant  white. 

2.  Borax  does  not  appear  to  act  upon  it ;  for  the  white  par-r  not  affected  by 

tides  are  only  difperfed  throughout  the  globule.  borax* 

3.  It  produces  an  effervefcence  when  fufed  with  carbonate  Soluble  by  fufion 
of  foda,  and  forms  a  colourlefs  fait ;  but,  if  too  much  of  it  be 

added,  then  the  mafs,  when  cold,  appears  like  a  white  opaque 
enamel. 

4.  When  carbonate  of  potafh  is  employed,  the  effects  are  and  with  potato, 
fimilar  in  every  refpect  to  thofe  of  foda ;  and  it  may  here  be 
remarked,  that  the  faline  combinations  thus  formed  with  foda, 

or  potafh,  are  foluble  in  water;  and  that  thefe  folutions  have  asinthefirft 
the  fame  properties  as  that  which  was  formed  when  the  ore  decomp°Jition* 
was  decompofed  by  an  alkali.  The  portion  of  the  white  pre¬ 
cipitate  which  may  be  in  excefs,  fubiides  unaltered,  when  the 
globules  are  dilfolved  in  water. 


5,  Phof- 
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Phofphatc  of  .5.  Phofphate  of  ammonia  produces  a  very  marked  efteft  ; 
ammonia  forms  for^  whcn  melted  in  a  platina  fpoon,  if  fome  of  the  white  (ub- 
bule.P  °C  S  °  dance  be  added,  a  confiderable  effervefcence  takes  place,  and 
the  two  fi ib dances  rapidly  unite.  The  globule,  when  cold,  is 
deep  blue,  with  a  tinge  of  purple,  but,  when  held  between 
the  eye  and  the  light,  it  appears  of  a  greenilh  gray  colour. 


C. 

It  refifts  nitric  Jt  is  perfectly  infoluble,  and  remains  unchanged  in  colour, 
and  in  every  other  refped,  when  digeded  in  boiling  concen¬ 
trated  nitric  acid. 


D. 


Is  foluble  in  ful- 
phuric  acid  : 
which  by  dilu¬ 
tion  lets  fall  a 
ttilphatc. 


The  fulpburic 
folution  afforded 
an  olive  precipi¬ 
tate  by  pruffiatc 
of  potalh  i 


It  is  diflolved  by  boiling  fulphuric  acid,  and  forms  a  tranf- 
parent  colourlefs  folution,  which  is  however  only  permanent 
while  the  acid  remains  in  a  concentrated  date;  for,  if  a  large 
quantity  of  water  be  added  to  the  folution,  or  iT the  latter  be 
poured  into  a  veil'd  of  diddled  water,  the  whole  in  a  few 
minutes  afliimes  a  milky  appearance,  and  a  white  precipitate 
is  gradually  depofited,  which  cracks  as  it  becomes  dry  upon 
the  filter,  and,  from  white,  changes  to  a  lavender  blue  colour, 
and  again,  when  completely  dry,  to  a  brownith  gray,  it  is 
then  infoluble  in  water,  has  not  any  flavour,  is  femi-tranfpa- 
rent,  and  breaks  with  a  gloffy  vitreous  fracture. 

This  fubdance  is  much  heavier  than  the  original  white  pre¬ 
cipitate  ;  and  in  a  very  flight  degree  may  be  diflolved  by  boil¬ 
ing  muriatic  acid,  or  by  boiling  lixivium  of  potafli. 

Upon  examining  thefe  folutions,  I  found  that  both  contained 
the  original  white  fubdance,  together  with  fome  fulphuric 
acid;  fo  that  the  precipitate  obtained  from  the  fulphuric  folu¬ 
tion  by  the  addition  of  water,  is  a  fulphate  of  the  white 
matter  *. 

The  whole  is  not  however  precipitated  by  water  ;  for  a  part 
remains  in  lolution,  which  may  be  feparated  from  the  fulphuric 
acid  by  either  of  the  fixed  alkalis,  or  by  ammonia. 

The  fulphuric  lolution  is  not  rendered  turbid  by  the  addition 
of  water,  until  fume  minutes  at  lead  have  clapfed ;  when, 

*  Th  s  fulphate  is  alfo  precipitated  when  the  fulphuric  folution 
has  been  long  expofed  in  an  open  veffei  to  the  air  3  and,  according 
as  this  may  he  moift  or  dry,  the  effeft  is  produced  fooner  or  later. 

therefore. 
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therefore,  fome  pruffiate  of  potafh  was  added  immediately 
after  the  water,  the  colour  of  the  liquor  became  olive  green, 
and  a  copious  precipitate,  of  a  beautiful  olive  colour,  was 
gradually  depoti ted. 

Tin&ure  of  galls,  after  a  few  minutes,  caufed  the  liquor  to  orange  by  tindh 
become  turbid,  and  a  very  high  orange-coloured  precipitate  galls> 
was  obtained. 

A  few  drops  of  phofphoric  acid  were  added  to  a  part  of  the  jelly  by  phof- 
concentrated  fulphuric  folution;  and,  after  about  12  hours,  Pilonc  acicl> 
the  whole  became  a  white  opaque  ftiflf  jelly,  which  was  info- 
luble  in  water. 

Potafh,  foda,  and  ammonia,  whether  pure  or  in  theftate  ofw^Jt:e  flakes  by 
carbonates,  feparate  the  fubftance  in  queftion  from  the  ful-  .  1 
phuric  tolution,  in  the  form  of  a  white  flocculent  precipitate  ; 
and,  when  thefe  alkalis  are  added  to  a  confiderable  excefs, 
they  do  not  rediffolve  the  precipitate,  unlefs  they  are  heated  ; 
then,  indeed,  the  fixed  alkalis  a6t  upon  it,  and  form  combi- airline  combi¬ 
nations  which  have  already  been  mentioned,  but  which  we  naftons. 
fliall  loon  have  occalion  more  particularly  to  notice. 


E. 


1.  The  white  precipitate,  when  recently  feparated  from 
potafh,  is  foluble  in  boiling  muriatic  acid;  and  this  folution 
may  be  conftderably  diluted  with  water,  without  any  change 
being  produced. 

2.  A  part  was  evaporated  to  drynefs,  and  left  a  pale  yellow 
fubftance,  which  was  not  foluble  in  water,  and  was  diflolved 
with  great  difficulty,  when  it  was  again  digefted  with  muriatic 
acid. 

3.  Pruffiate  of  potafh  changed  the  colour  of  the  muriatic 
folution  to  an  olive-green;  the  liquor  then  gradually  became 
turbid,  and  an  olive-coloured  precipitate  was  obtained,  ftmilar 
to  that  which  has  been  lately  mentioned.  Put, 

4.  If  fome  nitric  acid  was  previoufly  added  to  the  muriatic 
folution,  then  the  pruffiate  changed  the  liquor  to  a  grafs-green, 
but  did  not  produce  any  precipitate, 

5  Tindture  of  galls,  in  a  few  minutes,  formed  an  orange- 
coloured  precipitate,  like  that  which  has  been  mentioned  ; 
but,  if  the  acid  was  in  too  great  an  excefs  it  was  neceffary  to 
add  a  fmall  quantity  of  lixivium  of  potafh  or  foda,  before  the 
precipitate  could  be  obtained. 


Muriatic  folu¬ 
tion  of  the 
white  precip. 


E  vap.  left  a  yel¬ 
low  refidue. 


olive  precip.  by 
pruifiate. 


hut  none  if  ni¬ 
tric  acid  firft 
added. 

Orange  pr,  by 
galls. 


6. 
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White  flakes  by 
phof.  acid, 


and  by  alkalis. 


Muriates  of 
lime,  magnefia, 
and  ft  ontian, 
gave  no  precip. 

Zinc  threw 
down  white 
flakes. 


6.  A  fmall  quantity  of  phofphoric  acid,  being  added  to  the 
muriatic  folution,  in  a  few  hours  formed  a  w  hite  floceulent 
precipitate. 

7.  vPotafh,  foda,  and  ammonia,  alfo  produced  white  floc- 
culent  precipitates,  which  were  not  rediflolved  by  an  excefs 
of  the  alkalis,  unlefs  the  liquors  were  heated;  and,  in  that 
cafe,  part  was  diffolved  by  the  fixed  alkalis,  but  not  by  am¬ 
monia. 

8.  The  muriatic  folution  did  not  yield  any  precipitate,  when 
the  muriates  of  lime,  magnefia,  and  ftrontian,  were  added  ; 
but  muriate  of  barytes  formed  a  flight  cloud. 

9.  When  a  piece  of  zinc  was  immerfed  in  the  muriatic  fo¬ 
lution,  a  white  floceulent  precipitate  was  obtained  *. 

F. 


Acetous  acid  The  acetous  acid  has  not  any  apparent  efledt  on  the  white 
thrwhiCtedmatVe  Prec*P'tate>  long  digefted  with  it. 

vx. 

t  1 

Fixed  alkalis  The  fixed  alkalis  readily  combine  w'ith  this  fubflance,  both 
yvfth  k  com^ne  in  die  dry  and  in  the  humid  way. 

We  have  already  feen,  that  the  former  method  was  em¬ 
ployed  with  fuccefs  in  the  analyfis  of  the  ore  ;  and  the  experi¬ 
ments  made  with  the  biow-pipe  may  be  regarded  as  an  addi¬ 
tional  confirmation.  In  each  of  thefe  cafes,  the  white  preci¬ 
pitate  combined  with  the  alkali,  as  foon  as  the  heat  was  fuffi- 
cicnt  to  eaufe  the  latter  to  flow  ;  and,  when  a  carbonate  was 
employed,  a  portion  of  carbonic  acid  was  expelled. 

The  carbonic  acid  was  in  like  manner  difengaged,  when 
the  white  precipitate  was  boiled  with  lixivium  of  carbonate  of 
potafh,  or  of  foda  ;  and  the  folutions  thus  prepared,  refcmbled 
in  every  refpeft  thofe  which  were  formed  by  difTolving  in 
water  the  falts  which  had  been  produced  in  the  dry  way. 

It  will  be  proper  here  to  give  a  more  particular  account  of 
thefe  combinations. 

1  • 

Humid  folution  Some  of  the  wrhite  precipitate  was  digefied,  duringnearly 

in  potafti :  a  one  hour,  with  boiling  lixivium  of  pure  or  cauftic  polafh  : 
portion  left, 

*  This  appears  to  indicate  the  obflinacy  with  which  this  fub- 
ftance  retains  a  certain  portion  of  oxigen  ;  for  we  here  fee  that  zinc 
does  not  precipitate  it  in  the  metallic  ftate,  but  only  reduces  it  to  an 
infoluble  oxide. 

about 
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about  one-fourth  of  the  powder  was  diffolved ;  and  the  re- 
ynainder,  which  appeared  little  if  at  all  altered,  fubfided  to 
the  bottom  of  the  vetfel. 

The  clear  folution,  which  contained  a  great  excefs  of  alkali,  affords  a  fcaly 
was  decanted  ;  and,  by  gentle  evaporation,  yielded  a  white  SllttennS  fait  } 
glittering  fait,  in  fcales,  very  much  refembling  the  concrete 
boracic  acid. 

The  fait  was  placed  upon  a  filter,  fo  that  the  lixivium  might  permanent  in 
be  feparatcd.  It  was  then  waffled  with  a  final  1  quantity  of l!ie  air> 
cold  diddled  water ;  and,  being  dried,  remained  as  above 
defcribed,  although  con  flan  tly  expofed  to  the  open  air. 

This  fait  had  an  acrid  difagreeable  flavour,  and  contained  a  acrid  tafte  :  f»- 
fmall  excefs  of  alkali.  It  did  not  diffolve  very  readily  in  coldluk,e  m  water  ’ 
water  ;  but,  when  diffolved,  the  folution  was  perfect  and  per¬ 
manent. 

Seme  nitric  acid  was  added  to  part  of  the  folution,  and  im-  precipitable  by 
mediately  rendered  it  white  and  turbid.  In  a  fhort  time,  a  mtnc  acid* 
-white  precipitate  was  collected,  fimilar  to  that  which  had 
been  employed  to  neutralife  the  potafh :  and  the  clear  fuper- 
natant  liquor,  being  evaporated,  only  afforded  nitre. 

Pruffiate  of  potafh  was  added  to  another  portion  ;  but  did  Pruffiate  of  pot  - 
not  produce  any  efFedt,  until  fom  -  muriatic  acid  was  dropped  a.^. gave  ni?  pre" 
into  the  liquor,  which  then  immediately  affumed  a  tinge  of  acid  was  added} 
olive  green,  and  flowly  depofited  a  precipitate  of  the  fame 
colour. 

Tindture  of  galls  did  not  affedt  the  folution  at  fir  ft  ;  but,  nor  did  galls, 
when  a  few  drops  of  muriatic  acid  had  been  added,  it  gra¬ 
dually  loft  its  tranfparency,  and  yielded  an  orange-coloured 
precipitate. 

2.  As  fo  large  a  part  of  the  white  precipitate  had  remained  The  portion  not 
undiffolved  in  the  foregoing  experiment,  it  was  digefted  again  d‘^olved  in  P°.r" 
wdth  another  portion  of  the  fame  lixivium,  but  without  any  luble  till  after 
effedl.  I  therefore  wafhed  off  the  alkali,  and  boiled  fome  treatment  with 
nitric  acid  with  the  powder,  until  the  acid  was  completely 
evaporated.  After  this,  the  powder  was  expofed  to  a  ftrong 
heat  in  a  fand-bath.  It  was  then  again  digefted  with  the  It  left  a  refidue 
lixivium,  and  a  part  was  diffolved  as  before;  but  ftill  the  re_  having  the  fame 
liduum  required  to  be  treated  with  nitric  acid,  before  the  al¬ 
kaline  liquor  could  again  act  upon  it ;  fo  that  it  was  neceffary 
to  repeat  thefe  alternate  operations  feveral  times,  before  the 
w  hole  of  the  powder  could  be  united  with  the  alkali. 

3 .  When 
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Carbonate  of 
( ‘da,  or  potafli, 
atled  very  nearly 
as  pure  potafli. 


Precip.  by  the 
tungitate  and 
molybdate  of 
potiiih,  and  co- 
iialtate  of  am. 
Hydro-fulph. 

am.  gave  red  1  Hi 
precip. 

The  white  mat¬ 
ter  dilVolved  in 
aikaii,  and  iron 
diffolved  in  al¬ 
kali,  gave,  by 
mixture,  a  pre¬ 
cipitate  -cf  t be  ori¬ 
ginal  ere. 


Bones  of  a  large 
extintt  animal 
found  in  Ame¬ 
rica. 


REMARKS  ON  THE  MAMOTK. 

3.  When  the  white  precipitate  was  digefted  with  folution  of 
carbonate  of  potafli,  or  of  foda,  it  was  diffolved,  much  in  the 
lame  manner  as  above  related;  and  the  properties  of  the  folu¬ 
tions,  when  examined  by  reagents,  were  alio  fimilar,  excepting 
that  the  orange-coloured  precipitates  produced  by  tincture  of 
galls  were  of  a  paler  colour. 

Tungftate  of  potafli,  molybdate  of  potafli,  and  cobaltate  of 
ammonia,  being  feverallv  added  to  the  folution  ol  tin;  white 
fubftance  in  potafli,  produced  white  flocculent  precipitates. 

Hydro-fulphuret  of  ammonia  produced  a  reddifh  chocolate- 
coloured  precipitate. 

4.  As  the  ore  was  decompofed  by  being  fufed  with  potafli, 
the  following  experiment  affords  a  curious  in  flu  nee  (among  the 
many  already  known)  of  tiie  change  in  the  order  of  affinities 
produced  by  a  difference  of  temperature. 

Some  of  the  folution  of  the  white  precipitate  in  potafh,  was 
poured  into  the  alkaline  folution  of  iron,  which  was  formerly 
known  by  the  name  of  Stahl’s  1  iiuAura  Alkalina  Mortis.  Pot- 
affi  was  in  excels  in  both  of  thefc  folutions;  but  neverthelefs  a 
cloud  was  immediately  produced,  and  a  brown  ferruginous  pre¬ 
cipitate  was  depofited. 

Part  of  this  precipitate  was  diffolved  in  muriatic  acid  ;  and 
the  folution,  being  examined  in  the  ufuai  way,  yielded  a  blue 
precipitate  when  pruffiate  of  potafh  was  added,  and  a  purplilh 
brown  precipitate  with  tinfture  of  galls. 

The  other  part  of  the  precipitate  was  digeffed  with  dilute 
nitric  acid  ;  which  diffolved  the  ferruginous  part,  but  left  un¬ 
touched  a  white  flocculent  matter,  perfe<5tly  refembling  the 
fubftance  which  has  been  fo  often  mentioned.  The  precipitate 
therefore  produced  by  the  mixture  of  the  two  alkaline  folutions, 
was  a  combination  of  the  white  matter  with  oxide  of  iron,  very 
fimilar  to  the  original  ore. 

(To  he  continued.) 
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Remarks  on  the  Mamoth.  By  Louis  Valentine,  Phyfwian 
in  Chief  of  the  Army  and  Hofpitals  of  America,  offeveral  Na¬ 
tional  and  Foreign  Societies ,  refident  in  Nancy. 


a 


SiNCE  fettlements  have  increafed  in  North  America, 
great  quantity  of  bones  have  been  found  belonging  to  fome  ex¬ 
tinct  animal,  which  feems  to  have  refembled  an  elephant,  but 


was 
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was  much  larger.  By  digging  near  the  lakes  of  Canada,  where 
the  animal  is  called  by  the  favages,  the  Father  of  Oxen ;  near 
the  rivers  which  fall  into  the  Ohio;  towards  the  rivers  Miami, 

Mutkingum,  in  the  date  of  Kentucky,  and  of  Tennetfee,  &c. 

& c.  but  principally  near  the  fait  Iprings,  pieces  of  lkeletons 
and  tutks  have  been  found,  of  an  afionifliing  length  and 
weight. 

We  have  feen  a  femur  and  a  tibia,  which,  when  united.  Enormous  mag- 

mud  have  been  five  feet  and  a  half  hivh ;  another  femur,  which  nitmie  by  ad" 

%  m  ....  ijiealurement* 

was  alone  five  teet  long,  and  thirty-fix  inches  in  circumference 
in  its  middle  or  cylindrical  part;  ivory  tutks  refembling  thofe 
of  an  elephant,  which  were  near  feven  feet  long,  and  one  foot 
fix  or  eight  inches  in  circumference  at  the  bafe.  It  was  not 
till  the  year  1800  that  a  complete  lkeleton  of  thefe  foffil  bones 
could  be  procured.  Two  phyficians  of  Philadelphia,  Doctors 
Barton  and  Widar,  had  in  their  pofieifion  the  lower  jaw  almod 
entire,  with  two  teeth  on  either  fide,  in  particular,  that  of  the 
former  has  five  and  three  points,  all  quite  double  ;  but  no  one 
had  the  entire  head. 

The  date  of  New  York  (in  the  environs  of  the  beautiful  Where  mod 
river  Hudlon)  has  of  late  years  been  the  theatre  of  difcoveries  PIentltuliy 

^  .  tound. 

of  foflil  bones,  a  greater  quantity  of  them  having  been  found 
there  than  anywhere  elfe.  In  1800,  by  digging  in  the  low 
and  marfhy  places  of  the  counties  of  Orange  and  Ulfler,  at 
three,  four,  and  five  feet  deep,  parts,  which  had  never  been 
before  difcovered,  were  found.  Some  bones,  ten  feet  deep  in 
the  earth,  were  as  found  and  entire  as  thofe  which  had  been 
met  with  nearer  the  furface.  Some,  however,  were  found 
broken,  particularly  thofe  of  the  head. 

In  another  place,  eight  miles  from  the  city  of  New  York,  an  Particular  fads, 
upper  jaw  was  found  perforated  to  receive  a  tufk  like  that  of 
an  elephant;  the  connection  of  the  tufks  was  by  gomphofis; 
the  tufks  were  evidently  of  ivory  ;  the  openings  for  the  nodrils 
were  eight  inches  in  diameter;  and  notvvithdanding  that  the 
bones  of  the  feet  afford  reafon  to  conclude  that  the  animal  had 
claws,  it  is  fcarcely  pofiible  to  avoid  thinking,  from  the  firuc-  Conje&ures  as 
ture  of  the  head,  that  it  was  a  fpecies  of  elephant.  Some  hair  to  the^fpecies  of 
has  even  been  found,  three  inches  in  length  and  of  a  dark 
colour,  which  is  faid  to  have  belonged  to  this  monftrous  qua¬ 
druped.  Do6tor  Graham,  a  Senator,  in  a  letter  to  Dodtor  Mit- 
chill,  Repre  Tentative  in  Congrefs,  and  Profelfor  of  chemiftry 

and 
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Queftion  as  to 
final  caufes. 


The  animal  has 
never  been  teen 
within  human 
memory  or  tra¬ 
dition. 


Conjectural  re¬ 
marks. 


An  entire  fkele- 
ton. 


twelve  feet  high, 
and  its  head  four 
feet  and  a  half 
long. 

Local  fituation 
of  rhefe  enor¬ 
mous  bones. 


aim  natural  hiftory  at  the  college  of  Columbia,  fays  on  this  ocv 
cafion,  that  it  is  difficult  to  refolve  the  queftion  ;  “  Why  Pro¬ 
vidence  fhould  have  deftroyed  this  fpocies,  which  it  was 
pleafed  to  create  ?”  Yet  if  it  was  voracious,  it  is  happy  for  the 
human  fpecies  that  it  hasbv  any  means  become  ext in6l. 

We  may  reafonably  doubt  the  aflertion  of  tliofe  authors  who 
affirm,  that  certain  lavages,  Ruffians  and  Greenlanders,  have 
feen  this  animal  living,  and  that  it  ftili  exifts  in  the  north.  All 
that  has  been  tranfmitted  by  tradition  to  (he  oldefl  Indians  who 
have  communication  with  the  United  States,  and  from  whom 
information  has  been  fought  concerning  this  object,  is  quite 
fabulous,  and  does  not  offer  even  afhadow  of  probability.  Mr. 
JefFerfon,  now  Prelident  of  the  United  States,  formerly  paid 
great  attention  to  this  fubjeft.  (See  his  Account  of  Vir¬ 
ginia.) 

It  is  certain  that  in  Siberia  and  in  Greenland,  where  fimilar 
folfil  bones  have  been  found,  no  one  has  brought  proof  of 
having  feen  this  animal  living.  We  cannot  fuppofe  it  to  be 
cetaceous  or  amphibious,  of  the  nature  of  the  hippopotamus, 
as  there  are  lulficient  reafons  to  prove  the  contrary.  Mr. 
Cuvier,  whole  researches  into  the  extind  fpecies  of  animals 
are  no  lefs  curious  than  fcientific,  diffingui  flies  the  animal  of 
Siberia,  which  affords  foffil  ivory,  from  the  mamoth,  which 
latter  differs  principally  from  the  former  on  account  of  its  mag¬ 
nitude,  and  the  points  of  its  grinders,  &c. 

Since  the  time  of  our  having  received  details  on  this  fubjeft 
(fee  the  New  York  Medical  Repofitary,  Vol.  IV.)  and  what 
we  have  related  elfewhere  (fee  the  third  edition  of  Guthrie's 
Geography,  in  French,  Vol,  VI.  page  225  and  262,  publifhed 
by  Langlois  at  Paris),  an  account  has  been  publifhed  in  the 
American  papers  ;n  1801,  that  Mr.  William  Peal,  proprietor 
of  the  mufeum  at  Philadelphia*  having  collected  the  bones 
found  in  the  county  of  Orange,  in  the  ftate  of  New  York,  had 
fucceeded  in  forming  a  lkelcton,  the  height  of  which  is  twelve 
feet;  the  head  being  four  feet  and  a  half  in  length,  and  the* 
tn ties  tin  feet ;  the  other  parts  being  in  the  fame  proportion. 

Almoft  all  thele  bones  have  been  found  in  calcareous  earth. 
The  bones  of  the  megalonix,  or  great  claw,  of  which  Mr. 
JefFerfon  has  given  a  delcription,  were,  found  in  caverns  of 
lime  Hone  and  chalk  in  Tenncfec*.  The  other  enormous  bone* 
of  the  megatherium,  found  in  fuch  great  quantities  in  the  coun¬ 
ty  of  Ulfler,  of  which  Sylvanus  Miller,  Efq.  has  given  fome 

detail 
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detail  in  a  letter  to  Profefifor  MUchill,  are  found  in  flrata  of 

marl,  which  are  dug  to  procure  this  calcareous  fubftance  as  a 

manure  for  land.  It  is,  nevcrthelets,  fometimes  remarked.  They  fometlmes 

that  thefe  bones  begin  to  tall  in  fmall  |)ortions  when,  after  Pul|h  bY  exP0_ 

having  been  from  their  calcareous  inclohire,  they  are  expofed 

to  the  atmofphere.  Teeth,  which  were  iound  and  entire  when 

extracted  from  the  earth,  become  black  in  a  fhort  time,  crack, 

lole  their  enamel,  and  tall  into  fmall  feales.  Without  fuch  a 

prefervative  we  mav  prelume,  with  our  friend  Mitchill,  that 

the  remains  of  thefe  animals  would  have  been  deeompofed 

many  centuries  ago. 


SCIENTIFIC  NEVES,  &c. 

Prizes  of  the  National  Inftitute  of  France. 


I  HE  clafs  of  mathematical  and  phyfical  fciences  having  pro-  Prize  medal  for 
pofed  in  the  year  8,  as  the  fubie£t  of  a  prize  to  be  awarded  ata  mem0,r  O!Jfer‘ 
tiie  public  fitting  of  the  15  Germinal,  in  the  year  10,  the  fol- mentable  bodies 
lowing  queftion  :  What  are  the  characters  which  (Lijtinguifh  in  ve-  . 

get  able  and  animal  matters,  thoj'e  which  ferve  as  ferments,  from 
Jiich  other  bodies  as  they  put  into  aftate  of  fermentation?  And  the 
memoirs  which  have  been  received  not  anfvvering  the  condi¬ 
tions  of  the  program,  the  clafs  propofes  the  fame  fubject  again 
for  the  year  12.  The  prize  is  of  the  value  of  one  kilogramme 
(about  one  hundred  and  twenty-five  pounds  fieding).  It  will 
be  given  at  the  public  meeting  of  the  15  Germinal,  in  the  year 
12.  Memoirs  mull  be  fent  before  the  lit  Nivofe  of  the  fame 


year. 

Ajtronomical  Prize. — Citizen  Lalande  has  prefented  the  Na~  Agronomical 
tional  Inftitute  of  France  with  the  fum  of  ten  thoufand  francsPnie% 
(about  400  guineas)  to  found  an  annual  prize,  to  be  given  by 
the  Inftitute  to  the  author  of  fuch  difeovery,  obfervation,  or 
work  in  afironomy,  as  (ball  be  thought  the  molt  remarkable  or 
ufeful,  during  the  courfe  of  the  year.  The  Inftitute  very  highly 
applauded  this  act  of  generofity  in  one  of  its  members,  and  de¬ 
creed,  that  thanks  fliould  be  conftgned  in  their  regifters,  and 
commiftaries  nominated  by  each  of  the  three  claftes,  to  prefent 
at  the  next  general  meeting  the  means  oi  execution. 

O  O 


Communications  to  the  Royal  Society  ref  petting  the  Planet  Ceres. 

Dr.  Herfchel  fent  an  account  of  the  appearance  of  the  new  Extreme  fmall- 
planet,  as  viewed  through  his  tclefcopes.  He  had  (ought  for  Fanet 

it 
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it  in  vain,  until  he  received  Dr.  Mafkelyne’s  determination  of 
its  place.  When  viewed  with  powers  ot  600  and  1200,  it 
could  not  be  decidedly  diftinguillied  from  a  fiar,  until  it  was 
found  to  change  its  place,  its  apparent  diameter  was  not 
large  enough  to  be  directly  determined,  but  it  was  certainly 
not  larger  than  one-fburth  of  that  of  the  Georgian  planet,  and 
perhaps  equal  only  to  one-fixth.  From  a  rough  computation 
of  its  magnitude.  Dr.  Herfchel  concludes  that  its  real  diameter 
is  about  of  that  of  the  moon  :  its  light  is  of  a  reddifh  hue. 

Mr.  Gilpin  alfo  gave  the  Society  an  account  of  oblervations 
on  the  8th  and  1 2th  of  February.  He  found  the  planet’s  right 
afeenfion  change  from  188°  4-17  to  188°  3( F,  while  its  declina¬ 
tion  increafed.  Mr.  Gilpin  obferves  that  its  light  refembles 
that  of  the  planet  Mars. 

Nebulous  atmof-  Thurfday,  25th  February.  A  letter  from  Mr.  Schroeter  of 
phere.  Lilienthal,  refpe6ting  the  planet  Ceres  Ferdinandia,  informed 

the  Society  that  Mr.  Schroeter  had  obferved  a  nebulofity  round 
the  planet,  fomewhat  refembling  that  of  a  comet :  the  diameter 
of  the  true  dife  being  1.8//,  and  that  of  the  nebula  2.6",  but  the 
difiin&ion  was  not  always  equally  oblervable.  Mr.  Schroeter 
contiders  this  body  as  of  a  hybrid  nature,  or  a  medium  be¬ 
tween  a  planet  and  a  comet ;  but  he  imagines  the  apparent 
nebulofity  to  be  owing  to  an  atmofphere,  and  that,  according 
to  the  different  dates  of  this  atmofphere,  the  light  reflected  from 
the  planet  is  either  white,  bluitli,  or  reddifh. 

A  table  of  obfervations  of  the  fame  planet  was  alfo  commu¬ 
nicated  by  Mr.  Mechain,  through  Sir  Henry  Englefield. — 
(This  article  is  taken  from  the  Journal  of  the  Roj/al  lnftitution. ) 

Leonardo  da  Vinci. 

The  lovers  of  the  polite  arts  will  be  pleafed  to  learn,  a  new 
tranfiation  of  Leonardo  da  Vinci’s  treatife  on  painting  (for 
which  Pouffin  made  the  figures)  will  foon  be  ready  for  publi¬ 
cation.  This  work  has  been  long  in  the  hands  of  Mr.  Rigaud, 
R.  A.  who  has  paid  it  particular  attention  and  care  ;  and  has 
given  new  importance  and  energy  to  the  work,  by  arranging 
the  chapters  fuccellively  under  proper  heads ;  by  which  the 
ftudent  will  be  much  facilitated  in  underftanding  the  precepts 
of  this  great  matter  in  the  art  of  painting. 

d'lie  reader  will  recollect  fome  particulars  of  the  extraordi¬ 
nary  researches  and  very  luperior  genius  of  Da  Vinci,  by  the  ex¬ 
tracts  given  in  the  former  (eries  of  this  Journal,  from  an  abridge¬ 
ment  of  his  writings,  by  J.  B.  Venturi,  quarto,  II.  8  L 

Experiments 
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Experiments  to  prove  that  alt  Bodies,  whatever  may  he  their  Nature, 

are  obedient  to  the  Action  of  Magnetifm,  and  that  this  Action  is 

Sufficiently  powerful  to  admit  of  being  meafured .  By  Citizen 

Coulomb  *. 

It  has  long  ago  been  remarked,  that  platina,  nickel,  and  feve-  Magnetifm  of 
ral  other  bodies,  acquire  a  fenfible  degree  of  magnetifm ;  but  nic,ce,>  &c*  fup- 
I'ome  philolophers  attribute  this  property  only  to  a  portion  ofdentaL°  ^  3CC*~ 
iron  not  eafy  to  be  feparated,  and  conclude,  that  by  obtaining 
a  greater  degree  of  purity,  we  might  fucceed  in  rendering 
them  perfectly  indifferent  to  the  action  of  the  magnetic  bar. 

The  new  experiments  which  Citizen  Coulomb  has  made  ah  bodies  arc 
and  repeated  before  the  Inftitute,  lead  us  on  the  contrary  to  maSnetlcaJ* 
think,  that  the  action  of  magnetifm  extends  through  all  nature 
for  none  ol  the  bodies  he  has  yet  tried  was  found  to  refill  this 
power. 

hut  however  real  this  adtion  may  be,  it  is  not  alike  in  all  bo¬ 
dies,  and  in  molt  of  them  it  mult  be  necelfarily  very  fmall,  to 
*toave  efcaped  the  attention  of  philofophers  to  this  time.  In 
order,  therefore,  to  exhibit  and  to  meafure  thefe  refults,  we 
muft  begin  by  placing  the  bodies  in  a  fituation  which  lhall 
allow  them  to  yield  to  the  weakeft  adtion. 

For  this  purpole.  Citizen  Coulomb  fafhioned  his  fubjedts  into  Experiments 
the  form  of  a  cylinder  or  fmall  bar,  andin  this  ftate  he  fufpended  madewith  bodies 
them  to  a  filken  thread,  luch  as  is  drawn  from  the  filk  worms’  SiTfi^re^of 
cone,  and  in  this  ftate  he  placed  them  between  the  oppofite^fk* 
poles  of  two  magnetic  bars  of  fieel.  The  fingle  thread  of  filk 
could  hardly  bear  the  weight  of  a  quarter  of  an  ounce  without 
breaking,  confequently  it  became  neceflary  to  form  fmall  bars 
very  light  and  thin.  Citizen  Coulomb  made  them  about  feven 
or  eight  millemetres  in  length  (or  lefs  than  half  an  inch),  with 
three  quarters  of  a  millemetre  (or  about  an  hundredth  part  of  an 
inch)  in  thicknefs,  and  he  gave  the  metals  about  one-third  of 
this  thicknefs. 

In  his  experiments  he  placed  the  fieel  bars  in  the  fame  right  All  bodies  a f- 
line,  their  oppolite  poles  being  five  or  fix  millemetres  farthei fumcd  the  dire£> 
alunder  than  the  length  of  the  needle  intended  to  ofeillate  be-  nets  which  were 
tween  them.  The  refult  of  the  experiment  (hewed,  that  what-  aPPlied* 
ever  might  be  the  fubfiance  of  the  needle,  it  always  dilpofed 

*  Communicated  to  the  French  National  Inftitute,  and  inferted 

in  the  Magazfii  Encvclopedique,  No.  22.  ail  10. 
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Subje&s  of  ex¬ 
periment. 


Extreme  deli¬ 
cacy  of  thcfuf- 

pention. 


Qbfervations* 


itfelf according  to  the  direction  of  the  two  bars;  and  that  i/ 
they  were  turned  from  this  direction,  they  always  recovered  it, 
after  ofcillations  of  which  the  number  was  often  more  than  thirty 
per  minute.  It  w  as  therefore  eafy  in  every  cafe  to  determine, 
from  the  weight  and  figure  of  the  needle,  the  force  which  had 
produced  the  ofcillation. 

Thefe  experiments  were  fucccfiivcly  made  with  finall  needles 
of  gold,  filver,  copper,  lead  tin,  finall  cylinders  of  glafs,  a  piece 
of  chalk,  a  fragment  of  bone,  and  different  kinds  of  wood. 

Citizen  Coulomb  has  proved,  in  a  former  memoir,  that  the 
force  of  torfion  of  the  filk  thread  is  fo  flight,  that  in  order  to 
draw  if  round  through  the  entire  circle,  it  w’ould  require  a  force 
fcarcely  equal  to  the  one  hundred  thoufandth  part  of  a  gram 
(or  about  one  feven  hundredth  of  a  grain).  A  quantity  fo  mi¬ 
nute  cannot  therefore  fenfibly  derange  the  meafure  of  magnetic 
force  in  the  different  bodies,  and  its  effedt  even,  if  it  were  ad¬ 
mitted  to  be  of  perceptible  magnitude,  may  alfo  be  urged  in 
proof  of  the  general  conclufion  of  Citizen  Coulomb*  becaufe 
the  magnetic  power  muff  overcome  this  refifiance  of  the  thread 
in  order  to  manifeft  itfelf.  Our  author  gives,  in  the  third  vol. 
of  the  Memoirs  of  Natural  Philofophy  and  Mathematics  of  the 
National  Inflitute,  a  very  fimple  formula  to  determine  the 
magnetic  force  of  a  body  from  the  time  of  its  ofcilations,  and 
lie  means  to  fhevv  in  another  memoir,  the  method  of  determ  in-* 
ing  this  refult  in  different  bodies  of  the  fame  figure  placed  be¬ 
tween  the  poles  of  two  bars.  He  thinks  it  now  proved,  that 
ail  the  elements  which  enter  into  the  compofition  of  our  globe, 
are  fubjedted  to  the  magnetic  power,  and  that  the  whole  mafs 
collectively  forms  one  tingle  magnet. 

In  favour  of  thole  w  ho  might  be  defirous  of  repeating  his 
experiments,  and  rendering  them  very  fenfible,  the  author  re¬ 
marks,  that  the  method  ol  lucceedin^  confifts  in  diminifnintr 
the  fize  of  the  ofcilating  bodies.  From  fome  efiays,  of  which 
the  refuhs  terminate  this  memoir,  it  feems  to  follow,  that  the 
accelerating  forces  are  inverfely  as  the  niaffes  are  very  nearly 
in  the  direct  proportion  of  the  furfaees ;  but  Citizen  Coulomb 
giws  this  rule  only  as  a  firit  deduction,  which  requires  to  be 
cun  firmed. 


ERRATA. 

In  Mr.  Cruick  thank’s  paper,  p.  43,  end  of  the  firft  paragraph,  fit  fault* 
•read  facji ;  and  p.  46,  1.  z0}  fer  ccrrputed  lead  compelled. 
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ARTICLE  I. 

Compaction  of  Writing  Ink,  pojjejing  the  permanent  Colour ,  and 
other  effential  Properties,  of  the  Ink  uj'ed  for  Printing.  In  a 
Letter  from  Mr.  William  Close. 


To  Mr.  NICHOLSON. 

S  I  R, 

Dalton,  May  25,  1802. 

In  thefecond  volume  of  the  Philofophical  Journal,  at  p.  63,  Preliminary  ad- 

the  preparation  of  indelible  ink  is  announced.  Such  an  article  dre**‘ 

may  jultly  be  confidered  a  delideratum.  As  I  have  for  fome 

time  directed  my  attention  to  the  compoiition  of  permanent 

ink,  I  fend  you  a  fhort  memoir  on  the  fubje<5t,  which  was  drawn 

lip  previous  to  the  perufal  of  the  above-mentioned  notice,  and 

intended  for  a  future  communication. 


-  >— ii— 

THE  welfare  of  individuals  often  depends  very  much  on  Permanent  ink 
the  teflimony  of  writing.  An  atramentous  compofition,  pof-  ticle^rlhe^ C  re" 
felling  a  permanent  colour  on  paper,  and  fuch  a  degree  of  fervation  of  au- 
infolubility,  after  defecation,  as  not  to  fuffer  any  injury  from  thentlc  teftimo- 
expofure  to  humidity,  or  the  application  of  fuch  chemical  pre-  wriun*4 
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parations  as  totally  eradicate  the  traces  of  common  ink,  would 
certainly  be  an  article  of  confitlerable  value  in  the  material 
compofition  of  thofe  writings,  or  legal  inftruments,  which  are 
intended  to  evince  the  tranfa&ions  of  the  day,  and  to  ratify  the 
affairs  of  the  future. 

The  invention  The  ancients  were  probably  more  interefled  in  thecompofi- 
by 'produced'  ^on  Permanently  coloured  ink  than  the  moderns.  When 
f  me  remiflnefs  every  book  was  in  manufcript,  it  would  frequently  be  requi- 
fite  to  tranfcribe  whole  volumes,  fometimes  merely  for  the  pur- 
pofe  of  procuring  a  copy,  at  other  times  for  the  prefervatioli 
of  the  work  itfelf ;  in  either  cafe,  before  the  writer  begun  a 
procefs  fo  tedious,  it  would  be  of  confequence  to  feled  fuch 
materials  as  were  the  molt  durable,  in  order  to  protract  the 
like  neceftity,  and  alfo  for  the  purpofe  of  enhancing  the  value 
of  his  labour.  But  fince  the  invention  of  printing,  the  necedity 
ot  tranferibing  has  been  entirely  fuperfeded  ;  the  manuferipts 
of  modern  authors  after  publication,  have  been  reduced  to  little 
more  value  than  objects  of  curiodty ;  and  writers  have  been 
contented  with  fuch  materials  as  are  the  cheapelt  and  eafielt  to 
procure. 

For  a  great  number  of  years,  the  ink  moft  generally  ufed  by 

European  writers  has  been  the  infudon  of  galls,  and  other 

aftringent  vegetables  containing  gallic  acid,  rendered  black  by 

fulphate  of  iron,  and  thickened  by  the  addition  of  a  little  gum 

or  lugar.  This  compofition  is  well  adapted  to  the  common 

purpofes  of  writing  and  the  dilpatch  of  bufinefs,  but  its  colour 

is  liable  to  fade:  a  compofition  of  a  more  permanent  colour  is 

therefore  dedrable,  for  writings  which  are  required  to  retain 

colour  may  their  primitive  iignatures,  and  fuch  as  cannot  be  printed.  In- 

be  reftored  while  c{eec]  fmce  the  difeovery  of  the  method  of  totally  difeharging 
the  fulphateof  .  { '  .  ...  _  /  .  6  ® 

iron  remains  on  the  traces  ot  common  ink  by  the  application  ot  the  oxigenated 

the  paper.  muriatic  acid,  more  lerious  confequences  are  to  be  apprehend¬ 
ed  from  the  univerfal  ufe  ot  the  common  atramentous  duid. 


Ink  with  vege¬ 
table  infufions 
and  fulphate  of 
iron. 


not  durable. 


obje&ion  to  its 
ufe  is,  that  it 
may  be  totally 
difeharged. 


Means  of  pre¬ 
venting  this  by 
the  addition  of 
P'gments, 


than  the  decay  ot  its  colour  from  age;  for  it  is  well  known, 
that  while  the  fulphate  of  iron  remains  on  the  paper,  the  co¬ 
lour  of  the  writing  may  be  reftored,  by  wadiing  the  manufcript 
with  frelh  infufion  of  galls. 

In  the  quarto  fcrics  of  the  Philofophical  Journal  (Vol.  IV. 
p.  479),  there  are  feveral  ufcful  receipts  for  compoftng  ink 
capable  of  refilling  the  oxigenated  muriatic  acid.  The  moft 
material  difference,  however,  of  the  compofttions  there  re- 

2  commended 


COMPOSITION  OF  DURABLE  INK. 


147 


commended  from  thofe  in  common  ufe,  conflfts  in  the  addi¬ 
tion  ot  pigments  producing  an  unchangeable  colour  upon 
paper. 

ink  of  a  permanent  colour  may  be  eafily  obtained,  by  fuf-  Ancient  method 
pending  various  pigments  in  an  aqueous  fluid,  by  the  interven- j°jcC°mp°‘in3 
tion  of  gum,  without  the  afliflance  of  the  common  ingredients; 
but  fuch  compositions  are  liable  to  one  of  the  greateft  inconve¬ 
niences,  for  the  whole  of  the  writing  may  be  detached  from  the 
paper  by  wafliing  the  manufeript  with  water.  Such  ink,  how¬ 
ever,  was  frequently  ufed  by  the  ancients. 

As  a  permanent  colour  is  certainly  a  valuable  requiflte,  it  Speculation  for 
appears  very  promiflng  in  fpeculation  for  the  improvement  of mentof'th^s' 
this  indiipenfible  article,  according  to  the  fimpleft,  and  per- kind  of  ink. 
haps  the  molt  ancient  method  of  coinpofltion,  to  fubftitule,  in 
place  of  the  common  mucilaginous  fluid,  as  a  compound  vehicle 
for  the  diflribution  and  protedtion  of  the  colouring  matter,  the 
foiution  of  fome  gum,  or  reflnous  fubflance,  which  can  be  dif- 
folvecl  in  only  a  few  liquids.  After  the  diffipation  of  the  thin¬ 
ner  part  of  an  atramentous  compound  properly  formed  with 
filch  a  foiution,  the  colouring  fubflance  will  be  left  on  the  pa¬ 
per,  combined  with  a  fufficient  quantity  of  tenacious  matter  to 
protect  it  from  being  injured  by  fridtion,  or  from  being  dif- 
charged  by  the  application  of  any  fluid  to  which  the  writing 
may  be  expofed,  without  injuring  the  paper. 

Many  of  the  more  volatile  kinds  of  oils  may  be  ufed  in  writ-  Ink  with  oil  and 
ing,  if  reduced  to  a  proper  conliflence  by  the  addition  of  gum  rc^jn* 
or  refln.  Tolerable  ink  may  be  made  by  difiblving  30  grains 
of  common  refln  in  90  grains  of  oil  of  turpentine,  and  temper¬ 
ing  the  foiution  with  17^  grains  of  lamp  black,  and  2-  of  in¬ 
digo.  In  a  dry  ftate,  this  composition  refills  the  action  of  Inconvenience 
water,  but  not  of  fpirit.  Such,  indeed,  will  be  the  cafe  with  comp^fuion^will 
every  compofition  in  which  the  colour  is  merely  fufpended  in  be  fubjett  where 


the  fluid,  and  attached  to  the  paper,  by  a  fubflance  of  eafy  fo-  chanicahy 
iubilitv  ;  the  application  of  the  article  which  produced  the  flu- pended, 
idity  of  the. ink,  will  again  penetrate  and  fatten  the  dry  com¬ 
pound.  Thofe  compofltions  which  contain  a  tenacious  matter, 
foluble  in  a  few  articles  only,  and  at  an  high  temperature,  will 
be  the  leafl  exceptionable. 

A  more  infoluble  kind  of  matter  than  refln  fliould  be  ufed.  Copal  is  much 
CoDal  will  diflolve  in  only  a  few  liquids;  it  appears  well  ‘uP(gl0r  t0  n£n 
adapted  to  the  purpole  gf  retaining  a  permanent  colour  upon  ft0n  of  the  pig- 

L  2  the  j 
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but  is  not  alto¬ 
gether  free  from 
inconvenience. 


Compofition  of 
ink  with  oil  of 
lavender,  copal, 
and  lamp  black. 


the  paper,  if  a  vehicle  can  be  found  which  will  diliolvc  a  (uth- 
cicnt  quantity,  and  which,  when  the  colouring  matter  is  alfo 
added,  (hall  be  fluent  enough  in  writing. 

Oil  of  lavender  will  diflblve  copal.  I  have  made  fome  ex¬ 
periments  with  thefe  articles,  and  the  combination  fuccecds 
to  well,  that  I  have  not  been  inclined  to  ufe  any  other.  I  he 
only  inconvenience  to  be  apprehended  from  the  ufe  of  copal 
in  the  compofition  of  ink,  is,  from  its  being  foluble  at  a  low 
temperature;  but  whether  any  other  kind  of  tenacious  matter 
of  more  difficult  lolubility,  can  be  ufed  conveniently  in  writing, 
I  mult  leave  to  future  difculfion.  The  folution  ol  a  lubftance 
which  could  only  be  diffolved  in.  an  high  temperature,  would 
certainly  be  the  molt  proper  vehicle  to  prevent  alteration  ; 
for,  after  the  defecation  of  the  writing,  it  would  be  difficult  to 
foften  the  ink  in  one  part  of  a  manufeript,  without  expoling 
the  whole  to  a  very  injurious  procels. 

Ink  may  be  compofed  of  oil  of  lavender,  copal,  and  lamp 
black,  according  to  the  following  proportions  of  the  ingre¬ 
dients  : 

Take  of  oil  of  lavender,  200  grs.  copal  in  powder,  25  grs. 
lamp  black  from  2|  to  3  grs.  With  the  afliflance  of  a  gentle 
heat,  diffolve  the  copal  in  the  oil  of  lavender  in  a  fmall  glafs 
phial,  and  then  mix  the  lamp  black  with  the  folution  upon  a 
marble  flab,  or  other  fmooth  furface.  Put  the  compofition 
into  the  bottle,  and  keep  it  excluded  from  the  air.  After  a 
repofe  of  fome  hours,  the  ink  mufl  be  well  fliaken  and  flirred 
with  a  piece  of  wire  before  it  is  ufed  ;  if  it  be  too  thick,  it 
muft  be  diluted  with  a  little  oil  of  lavender,  oil  of  turpentine, 
or  alcohol.  The  facility  of  writing  with  this  compofition  de¬ 
pends  much  on  the  quantity  of  the  colouring  matter.  Three 
grains  of  lamp  black  to  two-hundred  and  twenty-five  of  the 
folution  of  copal,  producing  ink  of  a  full  body  of  colour,  and  is 
nearly  as  much  as  the  copal  can  protect  from  injury  after  the 
diflipation  of  the  oil  of  lavender.  Two  grains  and  an  half  of 
lamp  black,  and  half  a  grain  of  indigo,  produces  ink  of  a  paler 
colour,  but  which  may  be  diflributed  upon  the  paper  with  the 
facility  of  common  ink.  A  piece  of  fponge  *,  or  other  or¬ 
ganized 

*  The  cuftom  of  putting  cotton  in  an  inkftand  has  been  difufed, 
mere  particularly,  I  think,  fince  an  inkftand,  invented  by  the  late 
worthy  and  ingenious  Samuel  More,  of  the  Society  of  Arts,  was 
4-  made 
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ganized  fubftance,  muft  be  ufed  in  the  inkftand,  chiefly  for 
the  purpofe  of  cleaning  the  pen. 

Ked  ink  may  be  made  by  tempering  the  folution  of  copal  Redink  with  red 
with  red  fulphuret  of  mercury  inflead  of  lamp  black.  The^^“^tof 
following  proportions  of  the  ingredients  produce  a  red  ink 
which  writes  very  well : 

Take  of  oil  of  lavender  120  grs.  copal  in  powder,  17  grs.  The  recipe* 
red  fulphuret  of  mercury,  60  grs.  Diflolve  the  copal  in  the  oil 
of  lavender,  and  then  mix  the  fulphuret  with  the  folution  upon 
a  fmooth  furface. 

Both  thefe  compofltions  poflefs  a  permanent  colour,  and  A  manufcript 
other  eflential  properties  of  the  ink  ufed  in  printing.  The  oil  JhefeTompofi- 
of  lavender  being  diflipated  with  a  gentle  heat,  the  colour  is,tions  will  not  be 
left  on  the  paper  furrounded  with  copal,  a  fubflance  infoluble  ^  thc 
in  water,  in  fpirits,  in  acids,  or  alkaline  folutions.  A  manu-  bleaching, 
fcript,  written  with  thefe  compofltions,  may  therefore  be  ex- 
pofed  to  the  procefs  commonly  ufed  for  reftoring  the  colour  of 
printed  books,  without  the  fmalleft  injury  to  the  writing;  and 
in  this  manner  all  interpolations  with  common  ink  may  be  re¬ 
moved. 

As 

made  and  brought  into  fafhion  about  thirty  years  ago,  by  the  cele¬ 
brated  Wedgwood.  Thefe  changes  appear  to  be  both  injurious. 

For  the  ink  in  the  cotton  is  kept  blacker  by  the  fufpenfion  of  the 
atramentous  part ;  and  if  no  more  ink  be  prefent  than  perfe&ly  to 
fill  the  cotton,  the  pen  will  always  receive  a  fluid  black  ink,  and 
may  be  charged  at  pleafure  by  a  greater  or  lefs  gentle  preflure  at  the 
time  of  taking  up,  or  difcharged  by  lodging  the  point  for  a  moment 
upon  the  cotton.  It  is  alfovery  eafy  to  regulate  the  oxigenation  by 
the  air,  fo  as  to  increafe  the  blacknefs  without  fuffering  mouldinefs 
to  come  on,  by  the  Ample  expedient  of  turning  the  cotton  upfide 
down  every  day.  As  the  fibres  of  the  cotton  prevent  the  fluid  from 
circulating  as  ufual  by  the  change  of  temperature  produced  from 
evaporation,  the  interior  mafs  may  be  confidered  as  in  a  clofed  veffel 
while  not  in  ufe. 

Mr.  More’s  fountain  inkftand,  at  prefent  fo  univerfally  in  ufe,  is 
certainly  very  inconvenient.  The  ink,  it  is  true,  is  kept  in  a  clofed 
qjeffel\  but  its  colouring  matter  is  at  full  liberty  to  fubiide,  and  the 
confumer  is  obliged  to  fill  his  pen  from  the  muddy  bottom  inflead 
of  the  furface ;  anti  what  is  ftill  worfe,  the  conical  veflel  into  which 
the  ink  flows,  is  fubje£t  to  all  the  evils  of  evaporation  and  mouldi¬ 
nefs,  fo  as  rnofl  frequently  to  afford  an  adhefive  and  clogging  fluid 
to  the  pen.  W.  N. 
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Source  of  appre 
henfion.  The 
oil  of  lavender 
will  fofren  the 
dry  comp  -fuion 
but  the  writing 
cannot  be  eafily 
eradicated. 


Amber  a  proper 
fubftance  if  it 
could  be  ufed. 


IntrGdu&ory 

letter. 


ON  THE  VEGETATION  OF  PLANTS, 

As  copal  is  foluble  in  feveral  of  the  eflential  oils,  it  may  be 
expected  that  the  application  of  thefe  will  do  much  injury  to  the 
writing.  Such  an  expectation  is  well  founded.  If  the  writing 
be  rubbed  with  a  fmooth  furface  dipped  in  oil  of  lavender, 
much  of  the  colouring  matter  will  be  difengaged,  and  diftri- 
buted  more  diffufely  upon  the  paper ;  but,  as  fome  of  it  will 
have  penetrated  the  interior  parts  of  the  paper  along  with  the 
copal,  it  will  be  extremely  difficult  to  obliterate  the  traces  of 
the  pen  without  the  erafement  being  perceptible.  This  is  the 
principal  fource  of  apprehenfion,  but  I  know  of  no  method  of 
obviating  the  danger.  The  perufal  of  a  memoir  on  the  nature 
and  preparation  of  drying  oils,  & c.  by  Mr.  Sheldrake  (Philof- 
Journal,  Svo.  Vol.  I.  p.  259),  fuggefts  amber  as  a  proper  ar¬ 
ticle  for  the  compofition  of  ink,  if  enough  of  it  can  be  diffolved 
in  any  fluid  fufficiently  thin  for  the  purpofe  of  writing.  The 
more  difficulty  there  is  in  effecting  thefolution  of  any  tenacious 
fubftance  we  ufe,  the  better,  provided  it  can  then  be  employed 
without  inconvenience. 

I  am,  Sir, 

Yours  refpeCtfully, 

WILLIAM  CLOSE. 


II. 

Experiments  and  Obfervations  on  the  Vegetation  of  Plants,  which 
Jheiv  that  the  common  Opinion  of  the  Amelioration  of  the  At - 
mofphere ,  by  Vegetation  in  Solar  Light ,  is  ill  founded.  By 
James  Woodhouse,  M.  D.  Profejj'or  of  Chemijiryin  the 
Uniceifity  of  Pcnnfylvania ,  CfC. 


To  Mr.  NICHOLSON. 

S  I  R, 


Pater  Nojler  Row,  May  27,  1802. 

J  INCLOSE  for  the  Philofophical  Journal,  the  refults  of  va¬ 
rious  experiments,  made  in  Philadelphia  in  the  year  1801,  up¬ 
on  the  feeds,  leaves,  &e.  of  a  variety  of  plants,  which  feem  to 
prove,  that  growing  vegetables,  contrary  to  an  opinion  almoft 
iniverfally  adopted,  do  not  purify  atmofpherical  air ;  and  that 

whenever 
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whenever  they  appear  to  afford  oxigenous  gas,  it  is  by  devour¬ 
ing  the  coal  of  carbonic  acid  gas  for  food,  and  leaving  its  ox- 
igen  in  the  form  of  pure  air. 

I  have  the  honour  to  be. 

Dear  Sir, 

With  the  grcatelf  refpedt. 

Your  moft  obedient. 

And  very  humble  fervant, 

JAMES  WOODHOUSE. 

Firft.  Of  the  Effects  produced  by  the  Germination  of  Seeds  in 

atmofpherical  Air. 

On  the  3d  of  June,  twelve  feeds  of  zea  maiz  were  planted  Germination  of 

in  earth,  and  confined  over  water  in  a  glafs  veflei,  in  feventy  (efds.in  ftmo" 

o  '  ipnerjc  air* 

ounce  meafures  of  atmofpherical  air  of  the  purity  of  100,  and 
often  expofed  to  the  light  of  the  fun.  On  the  12th,  the  corn 
had  vegetated,  and  was  from  two  to  five  inches  high.  The 
air  being  examined  at  this  time,  by  throwing  up  one  meafura 
ot  it,  over  lime  water,  in  an  eudiometer,  gave  parts  of  car¬ 

bonic  acid  air.  Another  meafure,  after  being  freed  from  the 
fixed  air,  and  mixed  with  an  equal  meafure  of  nitrous  air,  pro¬ 
duced  an  abforption  of  ff’-Q.  On  the  19th,  the  corn  having 
grown  confiderably,  and  the  air  being  tried  again,  no  carbonic 
acid  gas  appeared,  and  the  purity  was  the  fame  as  at  firfE  On 
the  23d,  the  plants  died,  and  the  airs  were  found  to  confifl  of 
fixed,  and  azotic  gas. 

Similar  experiments  were  made  with  the  feeds  of  apium  pe-. 

trofelinum,  lacluca  fativa,  cucurbita  citrullus,  phafeolus  fativus, 

fdymbrium,  and  raphanus  fativus,  and  with  the  fame  refult. 

The  atmofpherical  air,  in  thefe  experiments,  appears  to  be  The  air  loft  oxi- 

rcducedin  purity,  by  its  oxigen  uniting  to  the  coal  of  the  coty-  gen  ^  unit!”g 

ledons  of  the  feed,  or  to  that  of  fome  animal  or  vegetable  mat-  wards  it  became 

ter  contained  in  the  earth  in  which  the  feeds  are  planted,  or  to  more  pure  y  and 

.  .  laftly  its  oxigcn 

that  of  fome  decayed  portion  of  the  living  leaves.  .  vvas  totally  ab- 

Ingenhouz,  Humbold,  and  Thomfon,  have  obferved,  that  foi  bed 

^  .  •  The  cfFcft  of* 

foils  have  the  property  of  abforbing  oxigen  ;  but  as  it  cannot  veg#  mou!cj  on 

be  proved  that  any  pure  earth,  or  mixture  of  earths,  render  at-  air  moft  probably 

mofpherical  air  impure,  it  is  certainly  more  philofophical  to  rom  lts  tar  on* 

aferibe  the  impurity  of  the  air  to  the  formation  of  the  carbonic 

acid,  the  bafe  of  which  generally  exifts  in  all  foils. 


II.  Of 
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II.  Of  the  Effects  produced  hy  the  Growth  of  Plants  in  atmofphc- 

rical  Air. 

Growth  of  plants  On  the  27  th  of  May,  twelve  plants  of  perficafia  polygonum, 
two  inches  high,  growing  in  earth,  were  confined  in  a  glafs 
vefiel  in  fifty-two  ounce  meafures  of  atmofpherical  air,  of  the 
purity  of  100,  and  often  expofed  to  the  influence  of  folar  light. 
On  the  4th  of  June,  they  had  increafed  about  two  inches  in 
height.  The  air  being  examined  at  this  time,  was  found  to 
contain  parts  of  carbonic  acid  gas,  and  to  be  reduced  in 
purity  to  80.  Several  young  plants  of  rhaphanus  fativus,  Ia- 
\  tura  firamonium,  phytolacca  decandra,  zea  maiz,  phafeolus 
fativus,  fidum  telephium,  amaranthus  hyboidus,  cucurbita  ci- 
trullus,  firymbrium,  and  la<5hica  fativa,  were  alfo  feparately 
confined  in  from  forty  to  eighty  ounce  meafures  of  atmofpheri¬ 
cal  air,  which  was  examined  at  various  times,  from  one  hour 
They  produced  to  thirty  days,  after  the  plants  had  been  placed  in  it.  Carbo- 

carbomc  acid  n|c  acicl  p-as  was  generally  formed,  and  whenever  this  eircum- 
gas,  and  dimi-  °  °  -  .  ... 

nifted  the  purity  fiance  happened,  the  purity  of  the  air  was  diminiflied. 

of  the  ain  Many  of  the  fame  kind  of  vegetables  were  alfo  confined  in 

in  oxigen  dimi-  forty  ounce  meafures  of  oxigenous  gas,  which  had  been  well 

nifh  it;  purity  by  vvafhed  in  lime  water,  and  the  purity  of  the  air  was  very  gene- 

carbomc  -ciJ.  rajj y  Jeffene^  fixed  air  being  generated.  They  turned  of  a 

white  or  yellow  colour,  and  loon  died,  after  being  placed  in  at¬ 
mofpherical  air. 

The  fame  effects  are  produced  by  the  growth  of  plants  as  by 
the  germination  of  feeds  in  common  air,  and  by  the  fame  caufes. 


In  confined 
plants  the  de- 


ford  Carbon  and  If  the  leaves  are  confined  a  confiderable  time,  part  of  them  de¬ 
form  acid,  which  cay,  and  the  coal  of  the  dead  portion,  uniting  with  the  oxigen 

decompofcs>.'ant  ^lC  atm°fpher^c  generates  carbonic  acid.  This  acid  is 
decompofed  by  the  living  leaf.  Its  coal  is  abfira&ed,  while  its 
oxigen  is  left  in  the  form  of  pure  air. 

But  when  the  When  the  oxigen  unites  to  the  coal  of  the  animal  or  vege- 

qukker°dian  the  maUer  of  the  foil  in  which  the  plants  vegetate,  or  to  the 
decompofition,  coal  of  the  decayed  parts  of  the  leaves,  and  makes  fixed  air 
the  plant  dies,  quicker  than  the  living  parts  can  decompofe  it,  the  plants  will 
fpeedily  die. 

When  a  plant  in  perfed  health,  growing  in  a  foil  which  con¬ 
tains  l.ttle  vegetable  or  animal  matter,  is  confined  in  atmofphe¬ 
rical  air,  it  will  live  a  long  time,  without  producing  any  change 
in  it.  Many  of  the  vegetables  which  were  the  fubjefts  of  thefe 

experiments. 


When  the  foil 
contains  but 
little  of  organ¬ 
ized  remains, 
the  included 
plant  will  live 
much  longer. 
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experiments,  did  not  afle6t  the  air  in  five  days :  fome  diminifh- 
ed  its  purity  in  three  hours;  and  others  altered  it  in  a  moftflow 
and  gradual  manner,  canting  little  change  in  it  in  twenty 
days. 


III.  Of  the  EffeSls  produced  by  the  Leaves  of  Plants  in  atniofphe -  Leaves  expofed 

rival  Air  impregnated  with  Carbonic  Acid  Gas ,  and  expofed  mixture  of  at °  * 

the  Light  of  the  Sun.  mofpheric  and 

carbonic  acid  gas. 

A  handfull  of  the  leaves  of  mimofa  virgata,  euphorbia  pi6ta, 
digitalis  purpurea,  franklinia  altamaha,  afparagus  officinalis, 
coryllus  avellana,  rhus  glabrum,  aritlotochia  liphoe,  and  peri- 
ploca  graeca,  were  feparately  expofed  feven  hours  to  the  light 
of  the  fun,  in  thirty-fix  ounce  meafures  of  atinofpheric  air,  im¬ 
pregnated  with  four  ounce  meafures  of  carbonic  acid  gas,  from 
the  carbonate  of  lime  and  fulphuric  acid.  The  fixed  air  difap-  The  carbonic 
peared,  and  the  atmofpheric  air  was  fo  much  increafed  in  purity,  an'd  th^propor-* 
as  to  devour  two  meafures  of  nitrous  air.  tion  of  oxigenin 


The  leaves  of  thefe  plants,  kept  over  night  in  the  fame  air, 
gave  carbonic  acid  gas  in  the  morning ;  and  its  purity,  in  every 
infiancc,  was  confiderably  diminifhed. 

The  leaves  of  mimofa  virgata  and  amvgdalus  perfica,  were 
alfo  feparately  expofed  nine  hours  to  the  influence  of  folar 
light,  in  forty  ounce  meafures  of  atmofpherical  air,  in  which 
fixed  air  had  been  formed  by  leaving  a  fungus  to  putrefy  it. 
The  carbonic  acid  gas  difappeared,  and  the  purity  of  the  at- 
motpherical  air  was  increafed  from  50  to  80. 


the  mixture  was 
augmented. 

In  the  dark  the 
leaves  produced 
carbonic  acid 
gas. 

Other  leaves  ex¬ 
pofed  to  light, 
with  the  former 
refill. 


IV.  The  following  Tables  will  jheio  the  Quantity  and  Purity  of  Table  of  experi- 
oxigenous  Gas ,  obtained  by  expofwg  a  fmall  Handful  of  the  ments  on  leaves 
Leaves  of  Plants  to  the  Light  of  the  Sun ,  in  forty  Ounce  Mea-  hght^un^er0^ 
fures  of  Pump  Water.  pump  water. 

This  water  was  taken  from  a  well  funk  within  a  few  yards  of 
a  neceflary,  from  which  it  was  impregnated  with  carbonic  acid 
gas,  as  appeared  from  an  analyfis.  The  leaves  were  feparately 
expofed  in  glades  arranged  near  each  other,  and  from  eight  to 
thirteen  comparative  experiments  were  made  at  one  time. 


Leaves 
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Time  when  expofed. 

Alcea  rofea  - 

- 

191 

122 

146 

96 

July  2,  1802. 

Zea  maiz 

- 

16 

1  16 

1  40 

54 

The  day  was  very  clear. 

Amaranthus  fpinofa 

- 

15 

120 

140 

68 

’3 

c 

• 

c 

Melifla  officinalis  - 

- 

13 

120 

130 

50 

0) 

u. 

_C 

% 

Q_ 

CS 

Hyfopus 

- 

CT> 

O 

16 

120 

138 

70 

>  . 

o 

Convolvulus  purpureus 

- 

QO 

8 

1  10 

110 

0 

o 

o 

s 

-< 

Malvarotundifolia  - 

w 

C 

u, 

17 

120 

140 

86 

o 

W 

o 

Lavendula 

- 

16 

118 

130 

55 

o 

Rofa  centifolia 

m 

15 

112 

130 

46 

Mirabilis  dichtoma  - 

- 

16 

1  10 

130 

40 

Convolvulus  purpureis 

- 

13 

1  10 

120 

10 

July  3. 

Anthemis  nobilis  - 

• 

12 

1  11 

120 

32 

Day  clear. 

Hibifcus  Syriacus  - 

» 

ct 

12 

118 

130 

65 

• 

0 

•o 

Polygonum  aviculare 

- 

O 

c 

18 

114 

130 

50! 

W 

Amygdalus  Perfica 

- 

00 

r*» 

r* 

10 

114 

112 

12 

0^ 

Pyrus  malus  - 

- 

o 

u 

16 

116 

120 

20 

Platanus  occidentalis 

- 

12 

120 

140 

20 

Tilia  Americana 

_ 

- 

10 

120 

138 

10 

Leaves 
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Siriodendron  tulipilia 

- 

14 

1  12 

1  20 

25 

July  4,  1801. 

Populus  dilatata 

- 

14 

110 

132; 

60 

•  '  « 

Siculus  pavia 

- 

13 

1  10 

130 

60 

Day  generally  clear. 

Apium  petrofelinum 

- 

12 

115 

132 

55 

o 

Convolvulus  purpureus 

- 

5 

120 

1 20 

30 

Helianthus  annuus  - 

- 

OO 

13 

1  12 

132 

62 

/“V 

Ruta  graveolens 

- 

10 

120 

130 

40 

•m—i 

o 

Trifolium  paluliri  - 

- 

13 

120 

110 

OD 

-O 

o 

- 

Datura  fframmonium 

- 

14 

112 

130 

80 

Hyfopus 

7 

112 

132 

65 

Blattari  verbafcum  - 

mm 

12 

112 

130 

45 

July  5. 

Chelidonium  majus  - 

mm 

18 

112 

136 

80 

Day  clear  and  cloudy. 

Chryfanthimu  m  I  n  dicum 

mm 

14 

120 

142 

63 

Twelve  ounce  mea- 

Acer  glaucum 

m 

14 

120 

139 

63 

fures  of  this  oxigenous 

Phytolacca  decandra 

- 

14 

120 

140 

SO 

air,  after  being  wafhed 

Antirrhinum  linaria  - 

oi 

18 

120 

140 

65 

• 

o 

in  lime  water,  to  free  it 

Ardlum  cappa 

. 

<3 

12 

120 

140 

53 

*o 

CD 

from  the  carbonic  acid 

Syringa  vulgaris 

- 

00 

8 

120 

132 

40 

gas,  being  expofed  to  a 

Helianthus  altiflimus 

12 

120 

140 

55 

mixture  of  iron  filings  and 

Polygonum  Perficana 

- 

12 

120 

140 

80 

fulphur,  were  found  to 

Cercis  Canadenfis  » 

•• 

12 

120 

140 

60 

confifl  of  eight  ounce 

Sonicera  caprifolium 

- 

12 

120 

140 

60 

meafures  of  oxigenous. 

•**  *• 

and  four  of  azotic  gas. 

Diofpyros  Virginiana 

— 

10 

120 

120 

30 

July  6. 

Franklinia  altamaha 

- 

10 

120 

102 

0 

Chionanthus  Virginica 

- 

8 

120 

100 

0 

Day  clear  and  cloudy. 

Arundo  gigantia 

- 

10 

120 

130 

32 

Afclepias  Svriaca  - 

- 

9 

120 

80 

0 

. 

0 

Thefe  leaves  were  ga- 

Annona  triloba 

a# 

• 

10 

120 

130 

40 

!  C 

thered  in  the  evening. 

Magnolia  glauca  - 

- 

10 

1  10 

102 

0 

j  o 

and  kept  until  morning. 

_ trirw^fn  la  — 

o 

16 

116 

130 

40 

in  a  cool  place. 

Xanthoriza  tindforia 

- 

oo 

8 

120 

130  50 

o 

Conferva  civularis  - 

- 

10 

120 

120  30 

•  Od 

Alcearolea  - 

- 

5 

1 10 

70 

0 

Sophora  indica 

- 

i 

1  10 

80 

0 

- 

Laurus  fallafras 

* 

10 

120 

92 

c 
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Opinion  that  W  e  are  indebted  to  Dr.  Prieftley  for  the  difcovery,  that 

^cn'to^the'at0*"  Plants  0XP°^e<^  to  light  yield  oxigenous  air;  and  ever  flnee  it 
mofpherc,  has  been  made,  an  opinion  has  been  adopted,  that  growing 
vegetables  fupply  the  oxigenous  portion  of  atmolpherical  air, 
of  which  there  is  a  conftant  confumption,  by  combuftion,  fer* 
mentation,  refpiration,  and  the  calcination  of  metals, 
ill  founded;  If  this  fubject  is  attentively  examined,  it  will  be  found  that 

plants  have  no  effedt  in  rendering  the  air  of  the  atmofphere 
pure. 


becaufe  they  af¬ 
ford  none  unlel's 
carbonic  acid  be 
prefent.  Expe¬ 
riments  of 
Prieftley  in 
proof; 


Firji.  Whenever  oxigenous  gas  has  been  obtained  from  ve¬ 
getables,  carbonic  acid  gas  has  been  prefent. 

Dr.  Prieftley  expofed  plants  to  atmofpheric  air,  in  which 
fpirit  of  wine  and  wax  and  tallow  candles  had  burned  out ;  to 
air  which  had  been  vitiated  by  the  death  or  putrefadtion  of  mice 
and  fifties,  and  to  air  which  had  been  frequently  taken  into  his 
lungs.  He  alfo  obferved,  that  there  was  a  flower  and  lefs  pro¬ 
duction  of  air  from  rain  and  diflilled,  than  from  pump  and  ttag- 


nant  water. 

and  of  the  au-  The  difference  between  the  quantity  and  quality  of  the  gas, 

thor;  tabulated,  obtained  from  river  water  and  the  fame  water  impregnated 
with  carbonic  acid,  by  expofing  plants  in  it  to  the  influence  of 
folar  light,  will  be  feen  by  the  following  table  : 


i 


i 


Leaves 
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Leaves  of 

Carbonic  Acid  Gas, 

in  ioo  Pans. 

Quantity  of  Gas  in 

Drachm  Mealures. 

Parity  with  one 

Meafure  of  Nitrous 

Air. 

< 

o 

1  * 

•  y 

Do.  with  three 
Meafures. 

State  of  the  Ther¬ 

mometer. 

Time  when  expofed. 

Siriodendron  tulipifera 
Cercis  Canadenhs  - 
Tilia  Americana 

Salix  Babylonica 
Polygonum  Perficaria 
Phytolacca  decandra 

Platan  us  occidentalis 

Alcea  rofea  - 
Helianthus  annuus  - 
Amygdalus  Perfica  - 
Conferva fontinalis  - 
Zea  maiz  - 

Acer  glaucum 

None. 

From  half  a  Drachm  to  one  Drac  hm. 

: _ 4 _ 

53 

70 

50 

32 

30 

94 

90 

84 

83 

82 

80 

73 

90 

O 

O 

July  7,  1801. 

Day  very  clear. 

The  leaves  were  ex- 
poled  in  the  water  of 
the  river  Schuyltril. 

Seriodendra  tulipifiera 
Cercis  Canadenhs  - 
Tilia  Americana 

Salix  Babylonica  - 
Polygonum  Perficaria 
Phytolacca  decandra 
Platanus  occidentalis 

Alcea  rofea  - 
Helianthus  annuus  - 
Amygdalus  Perhca  - 
Conferva  fontinalis  - 
Zea  maiz  - 

Acer  glaucum 

In  lome  of  the  veliels  none,  in 
others,  from  5  to  1 0  Parts. 

6 

6 

5 

5 

10 

6 

3 

6 

10 

6 

4 
4 
6 

120 

116 

no 

120 

120 

120 

1 10 
120 
120 
120 
120 
i  15 
120 

130 

124 
160 
100 
140 
140 

60 

132 

110 

13S 

134 

125 
140 

40 

30 

0 

0 

70 

42 

0 

40 

50 

40 

50 

20 

50 

• 

o 

O 

July  8,  1801. 

Day  a  little  hazy,  al¬ 
though  the  fun  lhone 
conftantly. 

The  leaves  of  the 
fame  plants,  in  the 
fame  river  wrater,  im¬ 
pregnated  with  four 
quarts  of  the  water, 
faturated  with  carbo¬ 
nic  acid  gas,  from  car¬ 
bonate  of  lime  and  the 
fulphuric  acid. 

.  .  ...  . 

It  appears  from  this  table,  that  the  leaves  of  thirteen  differ¬ 
ent  plants,  feparately  expofed  in  forty  ounce  mealures  ot  the 
water  of  the  river  Schuyltrill,  produced  about  ten  drachm 
meafures  of  air,  the  principal  part  of  which  was  azotic  gas  ; 
whereas  the  fame  kind  of  leaves,  expofed  in  the  fame  quan¬ 
tity  of  the  fame  water,  impregnated  with  carbonic  acid, 
yielded  feventy-leven  drachm  meafures  of  oxigenous  air,  of  a 
very  high  degree  of  purity. 


Count 
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Remarks  on 

Prieftley’s 


and  Count 
Rumford’s  cx- 
peiiments. 


1.5.8 

Count  Rum-  Count  Rumford  made  an  attempt,  in  the  year  17S7,  to 
m-nfs  to  obtain  overthrow  the  doctrine  of  the  purification  of  the  air  by  plants, 
oxigeo  from  wa-  His  arguments  were,  that  leaves  confined  in  water  were  in 
ter  by  folar light.  unnatura|  circumfiances,  and  that  pure  air  could  be  obtained 
from  other  bodies,  as  fine  fpun  glafs,  raw  fi Ik,  common  cot¬ 
ton,  and  that  of  the  poplar  tree,  expoled  in  water  to  the  light 
of  the  fun  *. 

The  ingenious  author  of  Phytologia  alfo  fays,  it  may  be  fuf- 
peded  that,  in  many  of  the  experiments  of  Prieftley  and  In- 
genhouz,  the  produdion  of  vital  air  might  be  limply  owing  to 
the  action  of  the  fun’s  light  on  the  water  in  which  the  vege¬ 
tables  were  iminerfed,  like  that  from  the  n Ik  in  the  experiments 
of  Count  Rumford;  and  that  the  fine  points  or  fharp  edges  of 
thefe  bodies,  contributed  only  to  facilitate  the  liberation  of  it 
when  expoled  to  the  fun  lhine,  which  thus  difoxigenated  the 
■water  by  their  united  effed. 

The  experiments  of  Count  Rumford  are  far  from  being 
fatisfadory.  Thirty  grains  of  raw  lilk,  at  the  end  of  three 
days,  yielded  him  but  3f  cubic  inches  of  air,  and  fometimes 
four  days  elapfed  before  a  fufficient  quantity  could  be  collcded 
for  an  experiment. 

In  order  to  find  how  much  air  could  be  obtained  from  the 
“  fine  points  or  fharp  edges”  of  certain  bodies  ading  upon 
water,  the  following  fubftances  were  expofed  one  day  to  the 
adion  of  folar  light,  in  forty  ounce  meafures  of  pump  water. 
%vith  fibrous  bo-  Filaments  of  aibefios,  baked  horfe-hair,  common  cotton,  and 
^!es’  rwhlch  gave  that  of  the  afclepias  Syriaea,  the  flower  panicles  of  rhus  cotinus, 
tity  and  purity  the  fine  hairy  plumes  of  climatis  crifpa,  the  fpikes  of  panicum 
glaucum,  and  charcoal  in  powder.  From  each  of  thefe  fub- 
ftances,  from  two  to  four  drachm  meafures  of  pure  air  were 
obtained,  which  devoured  nearly  two  meafures  of  nitrous  air; 
confequently  it  was  lefs  pure  than  that  procured  from  leaves 
expofed  in  the  lame  water.  There  was  alfo  a  much  fmaller 
quantity  of  it;  for  from  eight  to  nineteen  drachm  meafures 
may  be  obtained  in  a  few  hours,  by  i miner fing  the  leaves  of 
any  plant  in  the  laine  water,  and  expofing  them  to  folar  light. 

Some  water,  without  any  mixture,  will  yield  oxigenous  gas 
by  the  combined  adion  of  light  and  heat;  and  many  lubliances 
placed  in  water,  appear  to  ad  merely  by  railing  its  temper¬ 
ature. 

*  Tranfadions  of  the  Royal  Society  for  1787. 
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The  green  vegetable  matter,  which  forms  on  all  bodies,  im- 
merfed  a  confiderable  time  in  water,  might  alto  have  been  one 
of  the  fourees  of  pure  air,  in  fome  of  the  experiments  of  Count 
Rumford. 

Secondly.  Many  philofophers  fuppofe,  that  vegetables  yield  Plants  donotdc- 
oxigenous  gas  by  the  decompofition  of  water.  Its  hidrogen  ^.ornP°^  wateri 
is  faid  to  enter  into  plants,  while  its  oxigen  is  fet  at  liberty  in  operate  in  pure 
the  form  of pure  air.  water. 

If  this  opinion  was  true,  oxigenous  gas  fhould  be  obtained 
by  expofing  leaves  in  boiled,  rain,  diddled,  river,  or  lime 
water,  but  this  cannot  be  done. 

Thirdly.  Some  fuppofe  that  vegetables  give  oxigenous  air  to  Plants  do  not 
animals,  and  that  the  latter  yield  them  azotic  gas  in  return,  ias  ha,s  ,^een . 

J  °  7  luppoled)  emit 

which  they  devour  for  food.  oxigen  and  ab- 

If  this  hypothecs  were  juft,  atmofpheric  air  would  be  in- azote> 
creafed  in  purity  by  confining  leaves  in  it  when  it  contained 
no  fixed  air;  and  its  purity  might  alfo  be  increafed,  after  be¬ 
ing  previoufly  diminifhed,  by  an  additional  quantity  of  azotic 
air,  in  the  fame  manner. 

A  handful  of  the  leaves  of  euphorbia  piefa,  nicotians  tobacco,  for  fiefh  leaves 
buxus  vulgaris,  cinna  glauca,  mimofa  julibrefeens,  jaxus  pro-  molpheric^r 8C" 
cumbens,  coryllus  avellana,  Herculea  f'oetida,  malva  crifpa, 
pinus  ftrobus,  colutea  arborefeens,  and  epilobium,  wrcre  fepa- 
rately  expofed  four  hours  to  the  light  of  the  fun,  in  forty  ounce 
meaiures  of  atmofpheric  air,  and  its  purity  was  found  to  be 
neither  increafed  nor  diminifhed.  After  they  had  remained 
iixteen  hours  in  the  air,  no  effect  was  produced  on  it.  The 
leaves  were  frefh  gathered,  and  no  decay  could  be  obferved 
upon  any  part  of  them. 

When  leaves  are  plucked  prom ifcuou fly,  and  are  placed  in  though  wounded 
atmofpheric  air  either  in  the  day  or  night,  they  diminifli  its  °*  decaying 
purity.  Wherever  a  leaf  is  perforated,  and  this  is  very  gene-  C3 
rally  done  by  infedts,  let  the  perforation  be  ever  fo  frnall,  the 
part  decays,  and  the  coal  of  this  decayed  part  uniting  to  the 
oxigen  of  the  atmofpheric  air,  generates  carbonic  acid,  which 
I c fleas  its  purity. 


The 
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Experiments  in  The  following  table  thews  the  effect  of  the  leaves  of  plants 
tolar  light ,  gathered  promifcuoufly,  expofed  five  hours  to  the  light  of 

the  fun,  in  forty  ounce  meafures  of  atmofphcrical  air,  at  a 
temperature  of  75°  of  Fahrenheit. 


A  fmall  handful  of  the 

Fixed  Air. 

AtmnQ>hcric 

Air  ot  the  St. 
and  Arci.  of  ioo. 

Leaves  of  Datura  ftrammonium  - 

3 

96 

Rododendron  maximum 

5 

87 

Apium  petrofelinum  - 

4 

86 

Anthemis  nobilis 

0 

100 

Sophora  auftralis 

2 

95 

Seduin  telephium 

0 

100 

Amaranthus  hybridus  - 

10 

70 

in  the  dark.  The  following  table  will  fhcw  the  elfedts  produced  in  one 
night,  on  forty  ounce  meafures  of  atmofpheric  air  of  the 
purity  of  100,  by  a  fmall  handful  of  leaves  gathered  promif- 
cuoully  from  a  variety  of  plants. 


Fixed  Air. 

Atmof.  Air. 

Leaves  of  Ilex  aquifolium  - 

5 

88 

Juniperus  officinalis 

- 

4 

93 

Berberis  vulgaris 

- 

o 

86 

Franklinia  alatamaha  - 

- 

3 

85 

Rododendron  maximum 

- 

1 

95 

Annona  triloba  - 

- 

2 

88 

Buxus  vulgaris  - 

- 

2 

90 

Pinus  firobus 

- 

2 

88 

Mitchella  repens 

- 

0 

100 

Arclepias  Syriaca 

- 

5 

86 

Hamamelis  Virginia  - 

- 

0 

100 

Bignonia  radieans 

- 

3 

77 

Xanthoriza  tindtoria  - 

- 

1 

94 

Magnolia  tripetala 

- 

5 

67 

Kalmia  lalifolia  - 

•  j 

2 

85 

Pinus  picea 

- 

3 

80 

Siriodendron  tulipifera 

• 

10 

65 

According  to  fome  philofophers,  carbonic  acid  gas  is  fecreted 
by  certain  vegetables  in  the  night;  but  as  the  quantity  of  this 
air  obtained  is  always  in  proportion  to  the  decayed  parts  of 

plants. 
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plants,  and  to  the  temperature  to  which  they  are  fubjeded,  it 
appears  more  rational  to  afcribe  the  generation  of  it  to  the  coal 
of  the  decayed  parts  uniting  with  the  oxigen  of  the  air  in  which 
they  are  placed. 

To  determine  whether  plants  would  abforb  or  devour  azotic  Leaves  cxpofed 
gas,  eight  ounce  meafures  of  this  air  were  mixed  with  thirty- ^^tn-e'of  a"/ 
two  ounce  meafures  of  atmofpheric  air,  fo  that  its  purity  wasmofpheric  air 
reduced  from  1 00  to  9 1 .  A  handful  of  the  leaves  of  euphorbia  *nd  a)zote>  Pr0' 
picta  and  coryllus  avellana  were  feparately  confined  in  forty 
ounce  meafures  of  this  air,  and  expofed  to  the  influence  of  a 
bright  folar  light  five  hours.  No  carbonic  acid  gas  was  gener¬ 
ated,  and  the  purity  of  the  air  was  exactly  the  fame  as  when 
firlt  tried.  No  decayed  portion  could  be  oblerved  upon  thefe 
leaves. 

As  it  is  acknowledged  that  the  leaves,  ftems,  and  roots  of  Leaves  do  not 
plants,  feparate  the  oxigen  from  carbonic  acid,  it  may  be  faid, 
that  the  oxigenous  portion  of  atmofpheric  air  is  fupplied  by  theCompofing  its 
decompofition  of  this  gas,  as  it  is  always  found  in  the  atmo-  carb°n>' c^gas 
fphere,  and  often  in  water  in  which  vegetables  grow.  quantity  of  this 

The  quantity  of  carbonic  acid  gas  in  atmolpheric  air,  is  gas  1S  very mi** 
reckoned  to  be  about  one  part  in  an  hundred.  It  mud,  how-  nUte’ 
ever,  vary  in  different  places.  We  would  exped  to  find  the 
moft  of  it  in  cities,  where  it  is  formed  by  combuftion,  refpira- 
tion,  fermentation,  and  putrefaction.  If  one  meafure  of  the 
air  of  any  large  city  is  thrown  up  over  lime  water  in  an  eudio¬ 
meter,  no  milky  appearance  will  be  produced,  fo  that  the  quan¬ 
tity  of  carbonic  acid  in  this  air  mull  be  extremely  fmall.  As 
this  gas  is  alfo  feized  upon  by  alkalis,  earths,  and  metals,  and 
abforbed  by  water,  the  quantity  floating  in  the  atmolphere  may 
be  lefs  than  one  part  in  ten  thoufand. 

When  we  confider  likewife,  that  the  oxigen  is  never  fepa-  and  plants  dete- 
rated  from  the  carbonic  acid  by  leaves,  but  when  they  are  ex-  ri°rate  the  air 
pofed,  in  contact  with  it,  to  the  light  of  the  fun  ;  and  that  every  much  more* 
perforation  made  in  a  living  leaf,  however  minute,  by  an  in- 
led,  caufes  the  part  to  decay,  and  abforb  oxigen  by  day  and 
by  night ;  and  that,  in  the  autumn  in  fome  countries,  all  leaves 
fall  on  the  ground,  ferment  or  putrify,  and  thus  dirainifh  the 
purity  of  common  air ;  and  that  the  petals  and  fruit  of  vege¬ 
tables  have  the  feme  effed,  we  rnufl  pronounce,  that  the  oxi¬ 
genous  portion  of  atmofpheric  air  cannot  be  fupplied  by  vege¬ 
tation. 

Vol.  II.— July,  1802,  M  Dr, 
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Air  bladders  of 
various  plants 
contain  air  worfe 
than  that  of  the 
atnnofphere. 


Prop.  IV.  Par¬ 
tial  reflection  of 
undulations  at 
the  confine  of 
mediums  differ¬ 
ing  in  denlity. 


THEORY  OF  LIGHT  AND  COLOURS. 

Dr.  Darwin  luppofes,  that  the  air  in  the  air  bladders  of  ve¬ 
getables  ferve  to  oxigenate  the  feed.  The  air  of  the  air  blad¬ 
ders  of  eardiofpermum  halieacabum,  ftaphylia  trifoliata,  coin- 
tea  arborefeens,  and  fophora  auftralis  being  examined,  was 
found  to  be  a  little  worfe  than  the  air  of  the  atmofphere. 


III. 

On  the  Theory  of  Light  and  Colours.  By  Thomas  Young, 
M.  D.  F.  R.  S.  Projejfor  of  Natural  Philofophy  in  the  Royal 
InJUtution. 


(Concluded  from  page  90. ) 

PROPOSITION  IV. 

When  an  Undulation  arrives  at  a  Surface  which  is  the  Limit  of 
Mediums  of  different  Denfities ,  a  partial  Refection  takes  place, 
proportionate  in  Force  to  the  Difference  of  the  Denfities . 

This  may  be  illuftrated,  if  not  demonftrated,  by  the  ana¬ 
logy  of  elaftic  bodies  of  different  fizes.  “  If  a  fmaller  elaftic 
body  ftrikes  againft  a  larger  one,  it  is  well  known  that  the 
fmaller  is  reflected  more  or  lefs  powerfully,  according  to  the 
difference  of  their  magnitudes :  thus,  there  is  always  a  re- 
fledtion  when  the  rays  of  light  pals  from  a  rarer  to  a  denfer 
ffraturn  of  ether  ;  and  frequently  an  echo  when  a  found  ftrikes 
againft  a  cloud.  A  greater  body  ftriking  a  fmaller  one,  pro¬ 
pels  it,  without  Iofing  all  its  motion  :  thus,  the  particles  of  a 
denfer  ftratum  of  ether,  do  not  impart  the  whole  of  their  mo¬ 
tion  to  a  rarer,  but,  in  their  effort  to  proceed,  they  are  re¬ 
called  by  the  attraction  of  the  refradiing  fubftance  with  equal 
force  ;  and  thus  a  reflection  is  always  feconaarily  produced, 
when  the  rays  of  light  pals  from  a  denfer  to  a  rarer  ftratum. y> 
(Phil.  Tranf.  for  1800,  p.  127.)  But  it  is  not  abfolutely  ne- 
ceffary  to  fuppole  an  attraction  in  the  latter  cafe,  fince  the 
effort  to  proceed  would  be  propagated  backwards  without  it, 
and  the  undulation  would  be  reverted,  a  rarefadlion  returning 
in  place  of  a  condenfation  ;  and  this  will  perhaps  be  found 
moft  contiftent  with  the  phenomena. 
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PROPOSITION  V. 

ti  hen  an  Undulation  is  tranfmitted  through  a  Surface  terminating  Prop.  V.  Law 

different  Mediums,  it  proceeds  in  fuch  a  Direction,  that  the  Sines  ot  refraction 

of  the  Angles  of  Incidence  and  Refraction  arc  in  the  conftdnt  tranfmitted 

Ratio  of  the  Velocity  of  Propagation  in  the  tivo  Mediums.  through  the 

J  °  confine  of  dif- 

(Barrow,  Led.  Opt.  II.  p.  4.  Huygens,  delaLum.  cap.  3.  ferent  mediums, 
Kuler,  Conj.  Phyf.  Phil.  Tranf.  for  1800,  p.  12S.  Young’s 
Syllabus.  Art.  382.) 

Corollary  1 .  The  fame  dem onft rations  prove  the  equality  •  • 
of  the  angles  of  reflection  and  incidence. 

Corollary  2.  It  appears  from  experiments  on  the  refradion 
of  condenfed  air,  that  the  ratio  of  the  difference  of  the  fines 
varies  (imply  as  the  denfity.  Hence  it  follows,  by  Schol.  I. 

Prop.  I.  that  the  excefs  of  the  denfity  of  the  ethereal  medium 
is  in  the  duplicate  ratio  of  the  denfity  of  the  air;  each  particle 
co-operating  with  its  neighbours  in  attrading  a  greater  portion 
of  it. 


PROPOSITION  VI. 

Uhen  an  Undulation  falls  on  the  Surface  of  a  rarer  Medium ,  fo  Prop.  VI.  Total 
obliquely  that  it  cannot  be  regularity  refraSted,  it  is  totally  re-  ^fjedbon  of  un- 

fieSted,  at  an  Angle  equal  to  that  of  its  Incidence ,  (Phil,  obliquely  on  the 

Tranf.  for  1800,  p.  128.)  furface  of  a  rarer 

medium. 

Corollary.  This  phenomenon  tends  to  prove  the  gradual 
increafe  and  diminution  of  denfity  at  the  furface  terminating 
two  mediums,  as  fuppofed  in  hypothecs  IV  ;  although  Huy¬ 
gens  has  attempted  to  explain  it  fomewhat  differently. 

PROPOSITION  VII. 


If  equidifiant  Undulations  be  fuppofed  to  pafs  through  a  Medium. ,  Prop.  VI.  Un» 
ofivhich  the  Parts  are  fufceptible  of  permanent  Vibrations  fame-  ^  u,datj°£s  are^e” 
what  Jloicer  than  the  Undulations,  their  Velocity  will  be  fame -  through  a  me- 
zvhat  lejjened  by  this  vibratory  Tendency ;  and,  in  the  fame^lum  vibraong 
Medium,  the  more,  as  the  Undulations  are  more  frequent.  "uency.  * 


For,  as  often  as  the  fiate  of  the  undulation  requires  a  change 
in  the  adual  motion  of  the  particle  which  tranfmits  it,  that 
change  will  be  retarded  by  the  propenfity  of  the  particle  to 
continue  its  motion  fomewhat  longer  :  and  this  retardation 
will  be  more  frequent,  and  more  confvderable,  as  the  diffe- 
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then  the  more 


renee  between  the  periods  of  the  undulation  and  of  the  natu¬ 
ral  vibration  is  greater. 

Do&rine  of  heat  Corollary.  It  was  long  an  eftablifhed  opinion,  that  heat  con- 
vtbradoMs  in  Orations  °f  the  particles  of  bodies,  and  is  capable  of 

being  tranfmitted  by  undulations  through  an  apparent  va¬ 
cuum.  (Newt.  Opt.  Qu.  18.)  This  opinion  has  been  of 
late  very  much  abandoned.  Count  Rumford,  Profeflor  Pictet, 
and  Mr.  Davy,  are  almoft  the  only  authors  who  have  appeared 
to  favour  it ;  but  it  feems  to  have  been  rejected  without  any 
good  grounds,  and  will  probably  very  foon  recover  its  popu¬ 
larity. 

Suppose  the  Let  us  fuppofe  that  thefe  vibrations  are  lefs  frequent  than 

tovfbrate'-^^5  ^ofe  of  light ;  all  bodies  therefore  are  liable  to  permanent 

vibrations  flower  than  thofe  of  light ;  and  indeed  almoft  all  are 

liable  to  luminous  vibrations,  either  when  in  a  ftate  of  ignition, 

or  in  the  circumflances  of  folar  phofphori ;  but  much  lefs  ea- 

fily,  and  in  a  much  lefs  degree,  than  to  the  vibrations  of  heat. 

It  will  follow  from  thefe  fuppofitions,  that  the  more  frequent 

frequent  lumi-  ]umjnous  undulations  will  be  more  retarded  than  the  lefs  fre- 
nous  undula¬ 
tions  will  be  quent;  and  confequently,  that  blue  light  will  be  more  refran- 

moft  retarded.  gj|j{e  than  recj  ancj  ra(qant  heat  leaft  of  all ;  a  confequence 

be  mod  refraft-  which  coincides  exadly  with  the  highly  interefting  experi- 
ed,  and  radiant  ments  of  Dr.  Herfchel.  (Phil.  Tranf.  for  1800,  p.  284-.)  It 
beat  'leap  f  >  aIf0  be  eafily  conceived,  that  the  actual  exiftence  of  a 

ftate  of  flower  vibration  may  tend  Dill  more  to  retard  the  more 
and  refractive  frequent  undulations,  and  that  the  refraftive  power  of  folid 

power  will  in-  bodies  may  be  fenfibly  increafed  by  an  increafe  of  tempera- 
creafe  with  the  j  j  •  j  1 

temperature,  ture,  as  it  actually  appears  to  have  been  in  Euler’s  experi¬ 
ments.  (Acad,  de  Berlin.  1762.  p.  328.) 

Scholium.  If,  notwithftanding,  this  propofition  fliould  ap¬ 
pear  to  be  infufticiently  demon ftrated,  it  muft  be  allowed  to  be 
at  leaf!  equally  explanatory  of  the  phenomena  with  any  thing 
that  can  be  advanced  on  the  other  fide,  from  the  dodrine  of 
This  portion  proje£tiles ;  fmee  a  fuppofed  accelerating  force  muft  a£t  in 
explains  the  phe-  fome  other  proportion  than  that  of  the  bulk  of  the  particles ; 

and,  if  we  call  this  an  elective  attraction,  it  is  only  veiling 
under  a  chemical  term,  our  incapacity  of  affigning  a  mecha¬ 
nical  caufe.  Mr.  Short,  when  he  found  by  obfervation  the 
equality  of  the  velocity  of  light  of  all  colours,  felt  the  objec¬ 
tion  fo  forcibly,  that  he  immediately  drew  an  inference  from 
it  in  favour  of  the  undulatory  fyftem.  It  is  affumed  in  the 

propofition, 
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proportion,  that  when  light  is  dilperfed  by  refraction,  the 
Corpufcles  of  the  refracting  fubftance  are  in  a  date  of  adtual 
alternate  motion,  and  contribute  to  its  tranfmiflion  ;  but  it 
mud:  be  confeffed,  that  we  cannot  at  prefent  form  a  very  de¬ 
cided  and  accurate  conception  of  the  forces  concerned  in 
maintaining  thefe  corpufcular  vibrations. 

PROPOSITION  VIII. 

When  two  Undulations,  from  different  Origins ,  coincide  either  Prop.  VIII. 
perfectly  or  very  nearly  in  Direction ,  their  joint  Effect  is  a  dtfirfd ^ ' 

Combination  of  the  Motions  belonging  to  each .  redtion  will 

Since  every  particle  of  the  medium  is  affedted  by  each  un- comt>inc‘> 
dulation,  wherever  the  directions  coincide,  the  undulations 
can  proceed  no  otherwife  than  by  uniting  their  motions,  fo 
that  the  joint  motion  may  be  the  fum  or  difference  of  the  fepa- 
rate  motions,  accordingly  as  dmilar  or  diffimiiar  parts  of  the 
undulations  are  coincident. 

I  have,  on  a  former  occafion,  infided  at  large  on  the  appli¬ 
cation  of  this  principle  to  harmonics;  (Phil.  Tranf.  for  1800, 
p.  130.)  and  it  will  appear  to  be  of  dill  more  extenhve  uti¬ 
lity  in  explaining  the  phenomena  of  colours.  The  undulations  Effetts  when 
which  are  now  to  be  compared  are  thofe  of  equal  frequency,  fl^ency!^ 
When  the  two  feries  coincide  exactly  in  point  of  time,  it  is 
obvious  that  the  united  velocity  of  the  particular  motions  mud 
be  greated,  and,  in  effedt  at  lead,  double  the  feparate  velo¬ 
cities  ;  and  alfo,  that  it  mud  be  linalled,  and  if  the  undula¬ 
tions  are  of  equal  drength,  totally  dedroyed,  when  the  time  of 
the  greated  diredt  motion  belonging  to  one  undulation  coin¬ 
cides  with  that  of  the  greated  retrograde  motion  of  the  other. 

In  intermediate  dates,  the  joint  undulation  will  be  of  inter¬ 
mediate  drength  ;  but  by  what  laws  this  intermediate  drength 
mud  vary,  cannot  be  determined  without  further  data.  It  is 
well  known  that  a  dmilar  caufe  produces  in  found,  that  efledt  The  beat  In 
which  is  called  a  beat ;  two  feries  of  undulations  of  nearly  found* 
equal  magnitude  co-operating  and  dedroying  each  other  alter¬ 
nately,  as  they  coincide  more  or  lefs  perfedfly  in  the  times  of 
performing  their  refpective  motions. 


Corollary  1.  Of  the  Colours  officiated  Surfaces , 

Boyle  appears  to  have  been  the  drd  that  obfeivcd  the  co<  Colours  of  ftri- 
lours  of  fcratches  on  polifhed  furfaces.  Newton  has  not  no-ated  furfac-;i 

,  explained, 
ticed 
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by  the  greater 
length  of  ray 
(or  line  of  un 


(iced  them.  Mazeas  and  Mr.  Brougham  have  made  fomeex* 
periments  on  the  fubjeCt,  yet  without  deriving  any  falisfaclory 
conclufion.  But  all  the  varieties  of  thefe  colours  are  very 
catily  deduced  from  this  proportion, 

Let  there  be  in  a  given  plane  two  reflecting  points  very  near 
each  other,  and  let  the  plane  be  lo  fituated  that  the  reflected 


dulation)  from  image  of  a  luminous  objeCt  feen  in  it  may  appear  to  coincide 

the  deprefTed  with  the  points ;  then  it  is  obvious  that  the  length  of  the  inci- 
portion  of  fur-  1  ° 

dent  and  reflected  ray,  taken  together,  is  equal  with  refpeCl 


ace, 


to  both  points,  confidering  them  as  capable  of  reflecting  in  all 
directions.  Let  one  of  the  points  be  now  deprefTed  below  the 
given  plane ;  then  the  whole  path  of  the  light  reflected  from 
it,  will  be  lengthened  by  a  line  which  is  to  the  deprelflon  of 
the  point  as  twice  the  cofine  of  incidence  to  the  radius.  Fig.  2. 
Plate  VI. 

which  will  ccca-  If,  therefore,  equal  undulations  of  given  dimenfions  be  re- 

fr°m  Lvo  points,  fituated  near  enough  to  appear  to 

remiflion  in  the  the  eve  but  as  one,  wherever  this  line  is  equal  to  half  the 

compound  undu- breadth  of  a  whole  undulation,  the  reflection  from  the  de¬ 
lation  ]  accord¬ 
ingly  as  the  de-  prefled  point  will  fo  interfere  with  the  reflection  from  the 

preflion  caufes  fixecj  point,  that  the  progreflive  motion  of  the  one  will  coin- 
the  undulations  ,  r  ^  ,  .  ... 

of  the  l'ucceed-  cide  with  the  retrograde  motion  ot  the  other,  and  they  will 

*"d  ra?tj^coin'  both  be  deflroyed  ;  but,  when  this  line  is  equal  to  the  whole 

pofe  thofe  of  the  breadth  of  an  undulation,  the  effeCt  will  be  doubled;  and 

preceding  ray.  when  to  a  breadth  and  a  half,  again  deflroyed  ;  and  thus  for 

a  conflderable  number  of  alternations:  and,  it  the  reflected 

undulations  be  of  different  kinds,  they  vyill  be  varioufly  af- 

fe&cd,  according  to  their  proportions  to  the  various  length  of 

the  line  which  is  the  difference  between  the  lengths  of  their 

two  paths,  and  which  may  be  denominated  the  interval  of 

retardation. 

Experiment  by  In  order  that  the  efl’eCt  may  be  the  more  perceptible,  a 
paialid  ftrokes ;  numker  Gf  pajrs  0f  points  mufl  be  united  into  two  parallel  lines ; 

and,  iffeveral  fuch  pairs  of  lines  be  placed  near  each  other, 
they  will  facilitate  the  obfervation.  If  one  of  the  lines  be 
made  to  revolve  round  the  other  as  an  axis,  the  depreflion 
below  the  given  plane  will  be  as  the  fine  of  the  inclination ; 
and,  while  the  eye  and  luminous  objcCI  remain  fixed,  the 
difference  of  the  length  of  the  paths  will  vary  as  this  fine. 

The  beft  fubjcCIs  for  the  experiment  are  Mr.  Coventry’s 
exquifite  micrometers  ;  fuch  ot  them  as  confifl  of  parallel  lines 
.  drawn 


fuch  as  the  fine 
micrometers  of 
Coventry  at  the 
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drawn  on  glafs,  at  the  diftance  of  one;  five  hundredth  of  an 
inch,  are  the  moft  convenient.  Each  of  thefe  lines  appears 
under  a  microfcope  to  confift  of  two  or  more  liner  lines,  ex¬ 
actly  parallel,  and  at  the  diftance  of  foinewhat  more  than  a 
twentieth  of  that  of  the  adjacent  lines.  I  placed  one  of  thefe 
fo  as  to  reflect  the  fun’s  light  at  an  angle  of  45°,  and  fixed  it 
in  fuch  a  manner,  that  while  it  revolved  round  one  of  the  lines 
as  an  axis,  I  could  meafure  its  angular  motion  ;  and  I  found, 
that  the  brighteft  red  colour  occurred  at  the  inclinations  10^°, 
20|°,  32°,  and  45°  ;  of  which  the  fines  are  as  the  numbers 
I,  2,  3,  and  4.  At  all  other  angles  alfo,  when  the  fun’s  light 
was  reflected  from  the  furface,  the  colour  vanifhed  with  the 
inclination,  and  wras  equal  at  equal  inclinations  on  either  fide. 

This  experiment  affords  a  very  ftrong  confirmation  of  the 
theorv.  It  is  impoflible  fo  deduce  any  explanation  of  it  from 
any  hypothecs  hitherto  advanced  ;  and  I  believe  it  wrould  be 
difficult  to  invent  any  other  that  would  account  for  it.  There 
is  a  finking  analogy  between  this  feparation  of  colours,  and 
the  production  of  a  mufical  note  by  fucceflive  echoes  from 
equidiffant  iron  palifades  ;  which  I  have  found  to  correfpond 
pretty  accurately  with  the  known  velocity  of  found,  and  the 
difiances  of  the  furfaces. 

It  is  not  improbable  that  the  colours  of  the  integuments  of 
fome  infeCts,  and  of  lome  other  natural  bodies,  exhibiting  in 
different  lights  the  moft  beautiful  verfatility,  may  be  found  to 
be  of  this  defeription,  and  not  to  be  derived  from  thin  plates. 
In  fome  cafes,  a  {ingle  feratch  or  furrow  may  produce  fimilar 
effects,  by  the  reflection  of  its  oppofile  edges. 
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diftance  of  one 
five  hundredth 
of  an  inch. 


When  the  angu¬ 
lar  pofition  of 
thefe  is  varied 
they  produce 
colours, 


which  ftrongly 
and  exclufively 
confirm  the 
theory. 


It  is  analogous; 
to  the  mufical 
echo  from  iron 
rails. 


Verfatile  colours 
of  fome  infedts, 
&c.  probably  oJf 
this  nature. 


Corollary  2.  Of  the  Colours  of  thin  Plates. 

When  a  beam  of  light  falls  on  two  parallel  refracting  fur-  Colours  of  thin 
faces,  the  partial  reflections  coincide  perfectly  in  direction  ;  PlaLes  explained 
and,  in  tins  cafe,  the  interval  of  retardation,  taken  between 
the  furfaces,  is  to  their  diftance  as  twice  the  cofine  of  the  anAe 
of  refraction  to  the  radius.  For,  in  Fig.  3,  Plate  VI.  draw-, 
ing  A  B  and  C  D  perpendicular  to  the  rays,  the  times  of  paf. 
ling  through  B  C  and  A  D  will  be  equal,  and  D  E  will  be  half 
the  interval  of  retardation  ;  but  D  E  is  to  C  E  as  the  fine  of 
DC  E  to  the  radius.  Hence,  that  D  E  may  he  conllant,  or  hy  the  greater 
that  the  fame  colour  may  be  reflected,  thethicknefs  C  E  muff  lengch  of  ray  re. 
vary  as  the  fecant  of  the  angle  of  refraction  C  E  D  :  which  po^Horfurface^ 

a arees  which  muft  pro* 
D  dace  an  effect 
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fimilar  to  that  of 
the  ftriated  fur- 
faces;  namely 
colours, 


which  will  be 
tranfmitted  and 
reflected  by 
turns  if  the 
thicknefs  gra¬ 
dually  vary,  as 
in  tne  Newto¬ 
nian  rings. 


Breadth  and 
duration  of  the 
colorific  undula 
tions  deter¬ 
mined, 


and  compared 
with  thofe  of 
found. 
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agrees  exactly  with  Newton’s  experiments ;  for  the  correal  ion 
is  perfectly  inconfiderable. 

Let  the  medium  between  the  furfaces  be  rarer  than  the  fur¬ 
rounding  mediums ;  then  the  impulfe  reflected  at  the  feeond 
furface,  meeting  a  fubfequent  undulation  at  thefirft,  will  ren¬ 
der  the  particles  of  the  rarer  medium  capable  of  wholl)  flop¬ 
ping  the  motion  of  the  denfer,  and  depl  oying  the  reflection, 
(prop,  iv.)  while  they  themfelves  will  be  more  flrongly 
propelled  than  if  they  had  been  at  reft ;  and  the  tranfmitted 
light  will  be  increafed.  So  that  the  colours  by  reflection  will 
be  deflroyed,  and  thofe  by  tranfmifTion  rendered  more  vivid, 
when  the  double  thicknefles,  or  intervals  of  retardation,  are 
any  multiples  of  the  whole  breadths  of  the  undulations ;  and, 
at  intermediate  thicknefles  the  effects  will  be  reverfed ;  accord¬ 
ing  to  the  Newtonian  obfervations. 

If  the  fame  proportions  be  found  to  hold  good  with  refpedt 
to  thin  plates  of  a  denfer  medium,  which  is  indeed  not  impro¬ 
bable,  it  will  be  neceflary  to  adopt  the  corredled  demonftra- 
tion  of  prop.  iv.  but,  at  any  rate,  if  a  thin  plate  be  inter- 
pofed  between  a  rarer  and  a  denfer  medium,  the  colours  by 
refledtion  and  tranfmidion  may  be  expedted  to  change  places. 

From  Newton’s  meafures  of  the  thicknefles  reflecting  the 
.different  colours,  the  breadth  and  duration  of  their  refpedtive 
undulations  may  be  very  accurately  determined  ;  although  it  is 
not  improbable,  that  when  the  glades  approach  very  near,  the 
atmofphere  of  ether  may  produce  fome  little  irregularity.  The 
whole  vifible  fpedtruni  appears  to  be  comprifed  within  the 
ratio  of  three  to  five,  or  a  major  fixth  in  mufic;  and  the  un¬ 
dulations  of  red,  yellow,  and  blue,  to  be  related  in  magni¬ 
tude  as  the  numbers  8,  7,  and  6  ;  fo  that  the  interval  from  red 
to  blue  is  a  fourth.  The  abfolute  frequency  expreded  in  num¬ 
bers  is  too  great  to  be  didindlly  conceived,  but  it  may  be  bet¬ 
ter  imagined  by  a  comparifon  with  found.  If  a  chord  found¬ 
ing  the  tenor  c,  could  be  continually  bife&ed  40  times,  and 
fhould  then  vibrate,  it  would  afford  a  yellow  green  light : 

41  40 

this  bring  denoted  by  c,  the  extreme  red  would  be  a,  and  the 

4  1 

blue  d.  The  abfolute  length  and  frequency  of  each  vibration 
is  expreded  in  the  table ;  fuppofing  light  to  travel  in  8-J  mi¬ 
nutes  .500,000,000,000  feet. 


Colours 
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Colours. 

Length  of  an 
Undulation 
in  parts  of 
an  Inch,  in 
Air. 

Number 
of  Undu¬ 
lations  in 
an  Inch. 

Number  of  Undulations 
in  a  Second. 

Extreme 

.0000266 

37640 

463  millions  of  millions. 

Red  - 

.0000256 

39180 

482 

Intermediate 

.0000246 

40720 

501 

Orange  - 

.0000240 

41610 

512 

Intermediate 

.0000235 

42510 

523 

Yellow  -  - 

.0000227 

44000 

542 

Intermediate 

.0000219 

45600 

561  (=  24S  nearly) 

Green 

.O0OO21 1 

47460 

584 

Intermediate 

.0000203 

49320 

607 

Blue 

.0000196 

51110 

629 

Intermediate 

.0000189 

52910 

652 

Indigo 

.0000185 

54070 

665 

Intermediate 

.0000181 

55240 

680 

Violet 

.0000174 

57490 

707 

Extreme  - 

.0000167 

59750 

735 

Table  of  colori¬ 
fic  undulations 
of  the  ether* 


Scholium.  It  was  not  till  I  had  fatisfied  myfelf  refpecting  Quotation  from 
all  thefe  phenomena,  that  I  found  in  Hooke’s  Micrographia,  R^rt  Hooke 
a  paflfage  which  might  have  led  me  earlier  to  a  fimilar  conclu-  milar^odrlne* 
lion.  It  is  mod  evident  that  the  reflection  from  the  under 
or  further  fide  of  the  body,  is  the  principal  caufe  of  the  pro¬ 
duction  of  thele  colours. — Let  the  ray  fall  obliquely  on  the 
thin  plate,  part  therefore  is  reflected  back  by  the  firft  fuperfi- 
cies,  — part  refraCted  to  the  fecond  furface, — whence  it  is  re¬ 
flected  and  refracted  again. — So  that,  after  two  refraCtions  and 
one  reflection,  there  is  propagated  a  kind  of  fainter  ray — /* 
and,  “  by  reafon  of  the  time  fpent  in  pafling  and  repafling, — ■ 
this  fainter  pulfe  comes  behind  the”  former  reflected  “  pulfe  ; 
fo  that  hereby,  (the  furfaces  being  fo  near  together  that  the 
eye-cannot  difcriminate  them  from  one,)  this  confufed  or  du¬ 
plicated  pulfe,  whofe  ftrongeft  part  precedes,  and  whole 
weakeft  follows,  does  produce  on  the  retina,  the  fenfation  of  a 
yellow.  If  thele  furfaces  are  further  removed  afunder,  the 
weaker  pulfe  may  become  coincident  with  the”  reflection  of 
the  fecond,”  or  next  following  pulfe,  from  the  firft  furface, 
e(  and  lagg  behind  that  alfo,  and  be  coincident  with  the  third, 
fourth,  fifth,  fixth,  feventh,  or  eighth — ;  fo  that,  if  there  be 
a  thin  tranfparent  body,  that  from  the  greatelt  thinnefs  requi- 

fite, 


170 


THEORY  OF  LIGHT  AND  COLOURS. 


fite  to  produce  colours,  does  by  degrees  grow  to  the  greated 
thicknefs,  the  colours  (hall  be  To  often  repeated,  as  the  weaker 
pulfe  does  Jofe  paces  with  its  primary  or  fird  pulfe,  and  is  co¬ 
incident  with  a”  fubfequent  “  pulfe.  And  this,  as  it  is  coin¬ 
cident,  or  follows  from  the  fird  hypothecs  I  took  of  colours, 
fo  upon  experiment  have  I  found  it  in  multitudes  of  indances 
which  was  that  feem  to  prove  it.”  (P.  65 — 67.)  This  was  printed 

prune  even  about  feven  years  before  any  of  Newton's  experiments  were 
years  before  J  J  r 

Newton  made  made.  We  are  informed  by  Newton,  that  Hooke  was  after- 
his  experiments.  warcts  difpofed  to  adopt  his  “  fugged  ion”  of  the  nature  of 
colours ;  and  yet  it  does  not  appear  that  Hooke  ever  applied 
that  improvement  to  his  explanation  of  thefe  phenomena,  or 
inquired  into  the  neceflary  confequence  of  a  change  of  obli¬ 
quity,  upon  his  original  fuppofition,  otherwife  he  could  not 
but  have  difeovered  a  ftriking  coincidence  with  the  mea lures 
laid  down  by  Newton  from  experiment.  All  former  attempts 
to  explain  the  colours  of  thin  plates,  have  either  proceeded, 
on  fuppofitions  which,  like  Newton’s,  would  lead  us  to  cx- 
peCt  the  greated  irregularities  in  the  direction  of  the  refraCted 
rays;  or,  like  Mr.  MichelPs,  would  require  fuch  effeCts  from 
the  change  of  the  angle  of  incidence,  as  are  contrary  to  the 
effects  obferved ;  or  they  are  equally  deficient  with  refpect  to 
both  thefe  circumftances,  and  are  inconfiftent  with  the  mod 
moderate  attention  to  the  principal  phenomena. 


Corollary  3.  Of  the  Colours  of  thick  Plates. 


Colours  of  thick 
plates  explained 
from  the  greater 
length  of  fuch 
rays  of  fcatcered 
light  (compared 
with  the  princi¬ 
pal  ray )  as  pafs 
through  the  firft 
furface,  and  are 
refle&ed  from 
the  fecond  with 
a  different  incli¬ 
nation. 


When  a  beam  of  light  pafies  through  a  refracting  furface, 
efpecially  if  imperfectly  polifhed,  a  portion  of  it  is  irregularly 
fcattered,  and  makes  the  furface  vifible  in  all  directions,  but 
mod  confpicuoufly  in  directions  not  far  didant  from  that  of  the 
light  itfelf :  and,  if  a  reflecting  furface  be  placed  parallel  to 
the  refracting  furface,  this  fcattered  light,  as  well  as  the  prin¬ 
cipal  beam,  will  be  reflected,  and  there  will  alfo  be  a  new  dif- 
dpation  of  light,  at  the  return  of  the  beam  through  the  refract¬ 
ing  furface.  Thefe  two  portions  of  fcattered  light  wrill  coin¬ 
cide  in  direction  ;  and,  if  the  furfaces  be  of  fuch  a  form  as  to 


colleCt  the  fimilar  efTeCts,  will  exhibit  rings  of  colours.  The 
interval  of  retardation  is  here,  the  difference  between  the 


paths  of  the  principal  beam  and  of  the  lcattered  light  between 
the  two  furfaces ;  ofcourfe,  wherever  the  inclination  of  the 
fcattered  light  is  equal  to  that  of  the  beam,  although  in  diffe- 

2  rent 
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rent  planes,  the  interval  will  vanifli,  and  all  the  undulations 
will  confpire.  At  other  inclinations,  the  interval  will  be  the 
difference  of  the  fecants  from  the  fecant  of  the  inclination  or 
angle  of  refraction  of  the  principal  beam.  From  thefe  caufes, 
all  the  colours  of  concave  mirrors  obferved  by  Newton  and 
others  are  neceffary  confecpiences :  and  it  appears  that  their 
production,  though  fomewhat  fnnilar,  is  by  no  means,  as 
Newton  imagined,  identical  with  the  production  of  thole  of 
thin  plates. 


Corollar v  4 .  Of  Blacknefi. 

In  the  three  preceding  corollaries,  we  have  contidered  the 
refracting  and  reflecting  fubliances  as  limited  by  a  mathema¬ 
tical  lur face ;  but  this  is  perhaps  never  phyfically  true.  The 
ethereal  atmolp.heres  may  extend  on  each  lide  the  furface  as 
far  as  the  breadth  of  one  or  more  undulations  ;  and,  if  they  be 
luppofed  to  vary  equally  in  denfity  at  every  part,  the  partial 
reflections  from  each  of  the  infinite  number  of  lurfaces,  where 
the  denfity  changes,  will  very  much  interfere  with  each  other, 
and  deltroy  a  confiderabl.e  portion  of  the  reflected  light,  fo 
that  the  lubltance  may  become  potitively  black  ;  and  this  ef- 
feCl  may  take  place  in  a  greater  or  lefs  degree,  as  the  denfity 
of  the  ethereal  atmofphere  varies  more  or  lei s  equably  ;  and, 
in  fome  cafes,  particular  undulations  being  more  affected  than 
others,  a  tinge  of  colour  may  be  produced.  Accordingly, 
M-  Bouguer  has  obferved  a  confiderable  Iofs  of  light,  and  in 
fome  inftances  a  tinge  of  colour,  in  total  reflections  at  the  fur- 
face  of  a  rarer  medium. 


Blicknefs  pro* 
duced  by  inna^* 
merab!e,.re  flec¬ 
tions  at  the  con-« 
fine-of  two  fur- 
f.-ces  wh  re  the 
ether  gradually 
varies  in  den¬ 
fity  :  the  effefl 
of  which  is,  that 
the  undulations 
confound  and 
deftroy  each 
other,  and  con- 
fequently  the 
fenfation  of 
light. 


Corollar  y  5.  Of  Colours  by  Infection. 

Whatever  may  be  the  caufe  of  the  inflection  of  light  palling  Colours  by  in- 
through  a  finall  aperture,  the  light  neareit  its  centre  mult  be  fleChpnex- 
the  Ieaft  diverted,  and  the  neareft  to  its  fides  the  molt  ;  an-dift^renUengths 
other  portion  of  light  falling  very  obliquely  on  the  margin  ol  of  the  bended 
the  aperture,  will  be  copioully  reflected  in  various  directions ;  a^ernaU^nsTn"^ 
fome  of  which  will  either  perfectly  or  very  nearly  coincide  in  the  compound 
direction  with  the  unrefleCted  light,  and,  having  taken  a  cir- .unlu!at!?nq  as 
cuitous  route,  will  fo  interfere  with  it,  as  to  caufe  an  appear¬ 
ance  of  colours.  The  length  of  the  two  tracks  will  differ  the 
lels,  as  the  direction  of  the  reflected  light  has  been  lefs 
changed  by  its  reflection,  that  is,  in  the  light  puffing  neareft 

to 
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More  particular 
examination  of 
the  confe¬ 
rences. 


to  the  margin  ;  fo  that  the  blues  will  appear  in  the  light  near- 
eft  the  fhadow.  The  effect  will  be  increafed  and  modified, 
when  the  reflected  light  falls  within  the  influence  of  the  oppo- 
ftte  edge,  fo  as  to  interfere  with  the  light  Amply  inflected  by 
that  alfo. 

But,  in  order  to  examine  the  confequences  more  minutely, 
it  will  be  convenient  to  fuppofe  the  inflection  caufed  by  an 
ethereal  atmofphere,  of  a  denfity  varying  as  a  given  power  of 
the  diftance  from  a  centre,  as  in  the  eighth  propofition  of  the 
laft  Bakerian  Lecture.  (Phil.  Tranf.  for  1801,  p.  83.)  Put¬ 
ting  r  =  3,  and  x  =  £,  I  have  conftruCted  a  diagram,  (Fig.  4,) 
which  fhows,  by  the  two  pair  of  curves,  the  relative  pofition 
of  the  reflected  and  unreflected  portions  of  any  one  undulation 
at  two  fucceflive  times,  and  alfo,  by  fhaded  lines  drawn  acrofs, 
the  parts  where  the  intervals  of  retardation  are  in  arithmetical 
progreflion,  and  where  fimilar  colours  will  be  exhibited  at 
different  diftances  from  the  inflecting  fubftance.  The  refult 
fully  agrees  with  the  obfervations  of  Newton’s  third  book,  and 
with  thofe  of  later  writers.  But  I  do  not  conftder  it  as  quite 
certain,  until  further  experiments  have  been  made  on  the  in* 
fleCting  power  of  different  fubftances,  that  Dr.  Hooke’s  ex¬ 
planation  of  inflection,  by  the  tendency  of  light  to  diverge, 
may  not  have  fome  pretenfions  to  truth.  1  am  forry  to  be 
obliged  to  recall  here  the  aflent  which,  at  firft  fight,  I  was 
induced  to  give  to  a  fuppofed  improvement  of  a  late  author. 
(Phil.  Tranf.  for  1800,  p.  128.) 

Scholium.  In  the  conftruCtion  of  the  diagram,  it  becomes 
neceflfary  to  find  the  time  fpent  by  each  ray  in  its  paflage. 

I 

Since  the  velocity  was  denoted  by  a  r,  on  the  fuppofition 

i 

of  a  projeClile,  it  will  be  as  x  r  on  the  contrary  fuppofition, 
(Phil.  Tranf.  for  1801,  p.  27.  Schol.  2.  Prop,  I.)  and  the 


fluxion  of  the  diftance  deferibed  being  that  of  the 

.V 


x  v  x  r  $ 
time  will  be  ~  /  —  ■"  or 


V  i— 


yy 


r'  yy-  \/'—yy 


of  which  the  flu- 


•  V  S  ■■  ,  I  — 

^  - _ _  /  1  mi  T  T  ttM  f  U  lli  a  rr*  rl  •  n  r  -v-  ^ 


1 — r.  y 


—  J  1 — yy.  Therefore,  with  the  radius  a 
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dcfcribe  a  circle  concentric  with  the  furfaces  of  the  inflecting 
atmofphere,  then  the  angle  defcribed  by  the  ray  during  its 
paflage  through  the  atmofphere,  will  always  be  to  the  angle 
fubtended  by  the  line  cut  off  by  this  circle  from  the  incident 
ray  produced,  in  the  ratio  of  r  to  r — i  ;  and  the  time  fpent 
in  this  paflage,  will  be  in  the  fame  ratio  to  the  time  that  would 
have  been  fpent  in  defcribing  this  intercepted  portion  with  the 

I 

initial  velocity.  For y,  being  equal  to  sx  r  >  is  the  fine 
of  the  inclination  of  the  incident  ray  to  the  radius,  where  it 
meets  this  circle  ;  therefore  by  the  propofition  quoted,  the  an¬ 
gle  defcribed  is  in  a  given  ratio  to  the  angle  at  the  centre, 

which  is  the  difference  of  the  inclinations.  Making  xx  fT 


•or — radius,  the  fine,  infiead  of^y,  becomes  s,  and  the  cofine 


or  —s/ 1  — yy,  and,  when  y  =  .ss,  1  —  ss  ; 

y 


therefore  the  line  intercepted  is  to  the  difference  of  the  fluents 
as  r  to  r — 1.  (See  alfo  Young’s  Syllabus,  Art.  372.) 


PROPOSITION  IX. 

Radiant  Light  confijls  in  Undulations  of  the  luminiferous  Ether.  Conclufion.  Ra- 
This  propofition  is  the  general  eonclufion  from  all  the  pre-  fifts^nu^ndula  ^ ” 
ceding  ;  and  it  is  conceived  that  they  confpire  to  prove  it  in  as  tions  of  the 
fatisfaftory  a  manner  as  can  poflibly  be  expeCled  from,  the  na-ec^er* 
ture  of  the  fubjeCt.  It  is  clearly  granted  by  Newton,  that 
there  are  undulations,  yet  he  denies  that  they  conffitute  light ; 
but  it  is  fhown  in  the  three  firff  Corollaries  of  the  laft  Propofi- 
'tion,  that  all  cafes  of  the  increafe  or  diminution  of  light  are 
jeferable  to  an  increafe  or  diminution  of  fuch  undulations,  and 
that  all  the  affections  to  which  the  undulations  would  be  liable, 
are  diffindily  vifible  in  the  phenomena  of  light ;  it  may  there¬ 
fore  be  very  logically  inferred,  that  the  undulations  are  light. 

A  few  detached  remarks  will  ferve  to  obviate  fome  objec¬ 
tions  which  may  be  raifed  againft  this  theory. 

1.  Newton  has  advanced  the  fingular  refraftion  of  the  Ice-  Remarks.  New- 

land  cryffal,  as  an  argument  that  the  particles  of  light  muff  be  fon  with?ut  8|V~ 
*  o  i  o  jjjg  g  reaion  re-* 

projected  corpufcles;  fince  he  thinks  it  probable  that  the  dif-  je&ed  the  law  of 
ferent  fides  of  thefe  particles  muff  be  differently  attracted  by  Huygens  m  ex- 

the  cryffal,  and  fince  Huygens  has  confeffed  his  inability  to  phenomenal 

account  Iceland  cryftal. 
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Michell’s  expe- 
rinients  on  the 
momentum  of 
light  explained, 
without  fuppo- 
fing  any  projec¬ 
tion. 


They  did  not 
fucceed  with 
Bennet. 


Latent  light  and 
heat  not  incon- 
iiftent  with  the 
dodtrine  of  vi¬ 
brations. 


account  in  a  fatisfa&ory  manner  for  all  the  phenomena.  But/ 
contrarily  to  what  might  have  been  expected  from  Newton's 
uftial  accuracy  and  candour,  lie  has  laid  down  a  new  law  for 
the  refraction,  without  giving  a  reafon  for  rejc6ting  that  of 
f  fuygens,  which  Mr.  Hauy  lias  found  to  be  more  accurate  than 
Newton's;  and,  without  attempting  to  deduce  from  his  own 
fyftem  any  explanation  of  the  more  univerfal  and  Rriking  ef¬ 
fects  of  doubling  fpars,  he  has  omitted  to  obferve  that  Huy¬ 
gens's  mott  elegant  and  ingenious  theory  perfectly  accords  with 
thefe  general  effects,  in  all  particulars,  and  of  courfe  derives 
from  them  additional  pretentions  to  truth  :  this  he  omits,  in 
order  to  point  o-n t  a  difficulty,  for  whic  h  only  a  verbal  folu- 
tion  can  be  found  in  his  own  theory,  and  which  will  probably 
long  remain  unexplained  by  any  other. 

2.  Mr.  MicheJl  lias  made  tome  experiments,  whioh  appear 
to  fhow  that  the  rays  of  light  have  an  actual  momentum,  by 
means  of  which  a  motion  is  produced  when  they  fall  on  a  thin 
plate  of  copper  delicately  fufpended.  (Prieftley's  Optics.) 
But,  taking  for  granted  the  exact  perpendicularity  of  the  plate, 
and  the  abfence  of  any  afeending  current  of  air,  yet  lince,  in 
every  fuch  experiment,  a  greater  quantity  of  heat  mutt  be 
communicated  to  the  air  at  the  furface  on  which  the  light  falls 
than  at  the  oppofite  furface,  the  excels  of  expan ti on  mult  ne- 
ceflarily  produce  an  excels  of  prclfure  on  the  firli  furface,  and 
a  very  perceptible  receffion  of  the  plate  in  the  direction  of  the 
light.  Mr.  Bennet  has  repeated  the  experiment,  with  a 
much  more  fenfible  apparatus,  and  alfo  in  the  abfence  of  air  ; 
and  very  juftly  inters  from  its  total  failure,  an  argument  in  fa¬ 
vour  of  the  undulatory  fyflem  of  light.  (Phil.  Tranf.  for  1792, 
p.  87.)  For,  granting  the  utmolt  imaginable  fubtility  of  the 
corpulcles  of  light,  their  effects  might  naturally  be  expected  to 
bear  fome  proportion  to  the  effects  of  the  much  lets  rapid  mo¬ 
tions  of  the  elc&rical  fluid,  which  arc  fo  very  eaflly  percep¬ 
tible,  even  in  their  weakeR  Rates. 

3.  There  are  fome  phenomena  of  the  light  of  folar  phof- 
phori,  which  at  firR  fight  might  feem  to  favour  the  corpufcular 
fvltem  ;  lor  inftance,  its  remaining  many  months  as  if  in  a 
latent  Rate,  and  its  lubfequent  re-emillion  by  the  action  of 
heat.  But,  on  further  confideration,  there  is  no  difficulty  in 
fuppofing  the  particles  of  the  phofphori  which  have  been  made 
to  vibrate  by  the  action  of  light,  to  have  this  action  abruptly 

fufpended 
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fufpended  by  the  intervention  of  cold,  whether  as  contracting 
the  bulk  of  the  fubdance  or  otherwife  ;  and  again,  after  the 
redrainl  is  removed,  to  proceed  in  their  motion,  as  a  fpring 
would  do  which  had  been  held  faff  for  a  time  in  an  interme¬ 
diate  itage  of  its  vibration  ;  nor  is  it  impodible  that  heat  itfelf 
may,  in  foine  ci  ream  dances,  become  in  a  fimilar  manner  la¬ 
tent.  (Nicholfon’s  Journal,  Vol.  II.  p.  399.)  But  the  af¬ 
fections  of  heat  may  perhaps  hereafter  be  rendered  more  in¬ 
telligible  to  us  ;  at  prefent,  it  teems  highly  probable  that  light 
dithers  from  heat  only  in  the  frequency  of  its  undulations  or  Light  and  heat 
vibrations;  thofe  undulations  which  are  within  certain  limits,  difteronly  in  the 

frequency  of 

with  refpeCt  to  frequency,  being  capable  of  afFeCting  the  optic  undulation  or 

nerve,  and  condituting  light;  and  thofe  which  are  flower,  Vlbratl0n> 

and  probably  drongcr,  condituting  heat  only  ;  that  light  and 

heat  occur  to  us,  each  in  two  predicaments,  the  vibratory  or 

permanent,  and  the  undulatory  or  tranfient  date  ;  vibratory- 

light  being  the  minute  motion  of  ignited  bodies,  or  of  folar 

phofphori,  and  undulatory  or  radiant  light  the  motion  of  the 

ethereal  medium  excited  by  thefe  vibrations  ;  vibratory  heat 

being  a  motion  to  which  all  material  fubdances  are  liable,  and 

which  is  more  or  lefs  permanent;  and  undulatory  heat  that 

motion  of  the  fame  ethereal  medium,  which  has  been  Oiown  capable  in  both 

by  Mr.  King,  (Morfels  of  Criticifm,  1786,  p.  99,)  and  M.  fa^  modifica 

PiCtet,  ( EJJais  (le  Phyjique,  1790,  alfo  in  SaufFure’s  Voyage  tions. 

dans  les  Alpes,  17  86.)  to  be  as  capable  of  reflection  as  light, 

and  by  Dr.  Herfehel  to  be  capable  of  feparate  refraCiion. 

(Phil.  Tranf.  for  1800,  p.  284,)  How  much  more  readily 
heat  is  communicated  by  the  free  accefs  of  colder  fubdances, 
than  either  by  radiation  or  by  tranfmidion  through  a  quiefeent 
medium,  has  been  thown  by  the  valuable  experiments  of 
Count  Rumford.  It  is  eafy  to  conceive  that  foine  fubdances, 
permeable  to  light,  may  be  unfit  for  the  tranfmidion  of  heat, 
in  the  fame  manner  as  particular  fubdances  may  tranfmit  fome 
kinds  of  light,  while  they  are  opaque  with  refped  to  others. 

On  the  whole  it  appears,  that  the  few  optical  phenomena  This  theory  ex- 
which  admit  of  explanation  by  the  corpufcular  fydem,  are  p]ains  all  that  is 
equally  conddent  with  this  theory  ;  that  many  others,  which  corpufcular  fyf- 
have  long  been  known,  but  never  underdood,  become  by  tem,  and  much 
thefe  means  perfectly  intelligible ;  and  that  feveral  new  FaCts  mcre* 
are  found  to  be  thus  only  reducible  to  a  perfect  analogy  with 
other  faCts,  and  to  the  Ample  principles  of  the  undulatory 

fydem. 
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fyftem.  It  is  prefumed,  that  henceforth  the  fecond  and  third 
books  ot  Newton’s  Optics  will  be  confidered  as  more  fully 
underftood  than  the  firft  has  hitherto  been  ;  but,  if  it  Humid 
appear  to  impartial  judges,  that  additional  evidence  is  want¬ 
ing  for  the  eftabliffiment  ot  the  theory,  it  will  be  eafy  to  enter 
more  minutely  into  the  details  of  various  experiments,  and  to 
fliovv  the  infuperable  difficulties  attending  the  Newtonian  doc¬ 
trines  which,  without  neceffity,  it  would  be  tedious  and  in¬ 
vidious  to  enumerate.  The  merits  of  their  author  in  natural 
philofophy,  are  great  beyond  all  conteft  or  comparifon  ;  his 
optical  difcovcry  of  the  competition  of  white  light,  would 
alone  have  immortalifed  his  name;  and  the  very  arguments 
which  tend  to  overthrow  his  fyftem,  give  the  ftrongeti  proofs 
or  the  admirable  accuracy  of  his  experiments. 

Sufficient  and  deeitive  as  thefe  arguments  appear,  it  cannot 
be  fuperfluous  to  feek  for  further  confirmation  ;  which  may 
ought  to  exhibit  with  confiderable  confidence  be  expeded,  from  an  experiment 
distortion.  very  ingenioufly  fuggefted  by  Profeflor  Robifon,  on  the  re¬ 
fraction  of  the  light  returning  to  us  from  the  oppofite  margins 
of  Saturn’s  ring ;  for,  on  the  corpufcular  theory,  the  ring 
mu  ft  be  eonftderably  diftorted  when  viewed  through  an  achro¬ 
matic  prifm  :  a  fimilar  diftortion  ought  alfo  to  be  obferved  in 
the  dife  of  Jupiter  ;  but,  if  it  be  found  that  an  equal  deviation 
is  produced  in  the  whole  light  reflected  from  thefe  planets, 
there  can  fcarcely  be  any  remaining  hope  to  explain  the  affec¬ 
tions  of  light,  by  a  comparifon  with  the  motions  of  projectiles. 


Experiment  in 
which  the  cor 
pufcular  theory 


IV. 

An  Analyfis  of  a  Mineral  Suhjlance  from  North  America ,  con~ 
taining  a  Metal  hitherto  unknown.  Chari.es  Hatchett, 

EJ'(b 

(Concluded from  Page  1380 

H. 

The  white  pre-  The  white  precipitate,  when  diftilled  with  four  parts  of 
falphur,  remained  pulverulent,  and,  from  white,  was  only 
changed  to  a  pale  alh  colour. 

Nitric  acid  was  digefted  on  the  powder,  and,  being  heated, 
afforded  fome  nitrous  gas;  after  this,  the  powder  became 
white,  and  in  every  refpe£t  recovered  its  original  properties. 

Before 


tillation  of  the 
fulphuric  and 
nitric  acids. 
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I. 

Before  I  conclude  this  fe&ion,  I  mild:  obferve>  that  when  The  precipitates 
the  olive-green  precipitates,  obtained  by  pruffiate  of  polafli,  ^ere  decwnpofed 
were  digelted  in  an  alkaline  lixivium,  they  were  decompofed  ;  by  humid  alkali, 
for  the  alkali  combined  with  the  prulTic  acid,  and  with  afinall  t0°k  UP 

the  pr.  acid  and 

part  of  the  white  matter;  but  the  greater  part  of  the  latter  a  nttle  of  the 
remained  undiffiolved,  in  the  fame  white  flocculent  date  which  white  matter, 
was  noticed  when  the  alkaline  combinations  were  mentioned. 

The  orange-coloured  precipitates,  formed  by  tindiure  of 
galls,  were  alfo  decompofed  when  digeded  in  boiling  nitric 
acid  ;  and  the  white  matter  was  recovered  in  its  original  date. 

§  III.  REMARKS. 

The  preceding  experiments  die w,  that  the  ore  which  has  Obf.  The  ore 
been  analyf’ed,  condds  of  iron  combined  with  an  unknown  th'^paru  nf 
lubdance,  and  that  the  latter  conditutes  more  than  three-  the  white  mat- 

fourths  of  the  whole.  This  fubdance  is  proved  to  be  of  a  ^he  latter  is  me  - 
metallic  nature,  by  the  coloured  precipitates  which  it  forms  tallic;  for  it  is 
with  prudiate  of  potafn,  and  with  tindture  of  galls;  by  the  jfeci p*n^yb 
effedts  which  zinc  produces,  when  immerfed  in  the  acid  l'olu-  ganSy  and  by 
lions ;  and  by  the  colour  which  it  communicates  to  phofphate  z  nc> 
of  ammonia,  or  rather  to  concrete  phofphoric  acid,  when  melt-  by  fuf10n#* 
ed  with  it. 

Moreover,  from  the  experiments  made  wdth  the  blow-pipe,  It  is  of  difficult 
it  feems  to  be  one  of  thofe  metallic  fubdances  which  retain  redu<^icn> 
oxigen  with  great  obdinacy,  and  are  therefore  of  difficult  re- 
dudtion. 

It  is  an  acidifiable  metal;  for  the  oxide  reddens  litmus  an<*  acidifiable. 
paper,  expels  carbonic  acid,  and  forms  combinations  with  the 
fixed  alkalis.  But  it  is  very  different  from  the  acidifiable  me¬ 
tals  which  have  of  late  been  difeovered ;  for, 

1 .  It  remains  white  when  digeded  with  nitric  acid .  Differs  from  all 

2.  It  is  foluble  in  the  fulphuric  and  muriatic  acids,  and  a^mct^llf 
forms  colourlefs  folutions,  from  which  it  may  be  precipitated,  the  properties 
in  the  date  of  a  white  flocculent  oxide,  by  zinc,  by  the  fixed  ^(rcC(ienumv'" 
alkalies,  and  by  ammonia.  Water  alfo  precipitates  it  from  the 
fulphuric  dilution,  in  the  date  of  a  fulphate. 

3.  Pruffiate  of  potadi  produces  a  copious  and  beautiful  olive- 
green  precipitate. 

VolII. — July,  1802.  N  4.  Tin£ture 
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The  iron  is  in 
itate  of  brown 
oxide. 


4-.  Tin6lure  of  galls  forms  orange  or  deep  yellow  preci¬ 
pitates. 

5.  Unlike  the  other  metallic  acids,  it  refufes  to  unite  with 
ammonia. 

6.  When  mixed  anddiftilled  with  fulphur,  it  does  not  com¬ 
bine  with  it  fo  as  to  form  a  metallic  fulphuret. 

7.  It  does  not  tinge  any  of  the  fluxes,  except  phofphoric 
acid ;  with  which,  even  in  the  humid  way,  it  appears  to  have 
a  very  great  affinity. 

8.  When  combined  with  potafh  and  diffolved  in  wrater,  it 
forms  precipitates,  upon  being  added  to  folutions  of  tungflate 
of  potatli,  molybdate  of  potafn,  cobaltate  of  ammonia,  and  the 
alkaline  folution  of  iron. 

Thele  properties  completely  diflinguifh  it  from  the  other 
acidifiable  metals,  viz.  arfenic,  tungften,  molybdena,  and  chro¬ 
mium;  as  to  the  other  metals  lately  difcovered,  fuch  as  ura¬ 
nium,  titanium,  and  tellurium,  they  are  Hill  farther  removed 
from  it. 

The  colours  of  the  precipitates  produced  by  prufliate  of  pot- 
alhand  tincture  of  galls,  approach  the  neareft  lo  thofe  afforded 
by  titanium.  But  the  prufliate  of  the  latter  is  much  browner  ; 
and  the  gallate  is  not  of  an  orange  colour,  but  of  a  brownifli 
red,  inclining  to  the  colour  of  blood.  Betides,  even  if  thefe 
precipitates  were  more  like  each  other,  ftill  the  obffinacy  with 
which  titanium  refufes  to  unite  with  the  fixed  alkalis,  and  the 
infolubility  of  it  in  acids  when  heated,  fufficiently  denote  the 
different  nature  of  thefe  two  fubftances. 

The  iron  in  the  ore  which  has  been  examined,  is  apparently 
in  the  fame  flate  as  it  is  in  wolfram,  viz.  brown  oxide;  and 
this  oxide  is  mineralized  by  the  metallic  acid  which  has  been 
deferibed,  in  the  fame  manner  as  the  oxides  of  iron  and  man- 
ganele  are  mineralized  by  the  tungftic  acid  or  rather  oxide. 
For,  from  leveral  experiments  made  upon  a  large  fcale,  I  have 
reafon  to  believe  that  in  wolfram,  the  tungften  has  not  attained 
the  maximum  of  oxidation.  Several  facts  in  the  courfe  of  the 
experiments  lately  deferibed,  feem  to  prove,  that  this  new  me¬ 
tal  differs  from  tungften  and  the  other  acidiftable  metals,  by  a 
more  limited  extent  of  oxidation  ;  for,  unlike  thefe,  it  feems  to 
be  incapable  of  retaining  oxigen  fufflcient  to  enable  the  total 
quantity  to  combine  with  the  fixed  alkalies.  In  §  II.  G.  2, 

this 
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this  is  very  evident;  for,  from  the  experiment  there  defcribed, 
it  appears,  that  when  the  metallic  acid  or  oxide  was  digefted 
with  lixivium  of  pOtafh,  only  a  part  was  dilfolved ;  and  that  the 
remainder  was  infoluble  in  the  fame  lixivium,  till  it  had  received 
an  additional  portion  of  oxigen,  by  being  treated  with  nitric 
acid ;  alfo  that  feveral  of  thefe  alternate  operations  were  re¬ 
quired,  before  any  given  quantity  of  the  metallic  oxide  could 
be  completely  combined  with  the  alkali.  Now  there  is  much 
reafon  to  believe,  that  in  this  cafe,  when  the  metallic  oxide  or 
acid  was  digefted  With  potaih,  the  portion  which  was  dilfolved 
received  an  acceflion  of  oxigen  at  the  expence  of  the  other 
part,  which  of  courfe  was  thus  reduced  to  the  ftate  of  an  info¬ 
luble  oxide,  and  therefore  required  to  be  again  oxidated  by 
nitric  acid,  before  it  could  combine  with  the  alkaline  folution  ; 
but  ftill  it  appeared,  that  an  adequate  proportion  of  oxigen 
could  never  be  fupcrinduced,  fo  as  to  render  the  oxide  totally 
and  immediately  foluble  in  the  alkalies  by  one  operation,  or 
even  by  two. 

W  e  may,  therefore,  regard  this  as  an  inflance  of  the  effe&s 
refulting  from  dilpofing  affinity,  and  as  very  fimilar  to  thofe 
obferved  in  refped  to  copper,  which  have  been  noticed  by  my 
ingenious  friend  Mr.  Chenevix,  in  his  valuable  analyfis  of  the 
arfeniates  of  copper  and  of  iron  *. 

My  refearches  into  the  properties  of  this  metal,  have  of  From  the  limited 
courfe  been  much  limited  by  the  fmallnefs  of  the  quantity  *ie^rches  ?n 

J  1  J  lmall  quantity  ot 

which  I  had  to  operate  upon  ;  but  I  flatter  myfelf  that  more  0re,  the  only  de- 

of  the  ore  may  foon  be  procured  from  the  Maflachufet  mines,  dudlion  as  to 

particularly  as  a  gentleman  now  in  England  (Mr.  Smith,  Se-  utility  is,  that 

cretary  to  the  American  Philofophical  Society),  has  obligingly  the  precipitates 

offered  his  affiftanee  on  this  occafion.  We  (hall  then  be  ablearc  ^ne  co!oUi',r 

more  fully  to  invefligate  the  nature  of  this  fubftance  ;  and  fliall 

be  more  capable  of  judging  how  far  it  may  be  applicable  to 

ufeful  purpofes.  At  prefent,  all  that  can  be  faid  is,  that  the 

olive-green  pruffiate  and  the  orange-coloured  gallate  are  fine 

colours;  and,  as  they  do  not  appear  to  fade  when  expofed  to 

light  and  air,  they  might  probably  be  employed  with  advantage 

as  pigments. 

I  am  much  inclined  to  believe,  that  the  time  is  perhaps  not  The  new  metals 
very  diffant,  when  fome  of  the  newly  difeovered  metals,  and  are  probably 

compounds. 


*  Phil.  Tranf.  for  1801,  p.  233. 

N  2 
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other  fubftances,  which  arc  now  confidered  as  fimple,  primi¬ 
tive,  and  diftindt  bodies,  will  be  found  to  be  compounds.  Yet 
I  only  entertain  and  Hate  this  opinion  as  a  probability ;  for, 
until  an  advanced  itate  of  chemical  knowledge  fhall  enable  us 
to  compofe,  or  at  leaf!  to  deeompofe,  thefe  bodies,  each  mull 
be  darted  and  denominated  as  a  fubftance  fui  generis .  Conli- 
dering,  therefore,  that  the  metal  which  has  been  examined  is 
fo  very  different  from  thofe  hitherto  difeovered,  it  appeared 
proper  that  it  fliould  be  dirtinguifhed  by  a  peculiar  name;  and, 
having  confulted  with  feveral  of  the  eminent  and  ingenious 
chemifts  of  this  country,  I  have  been  induced  to  give  it  the 
name  of  Columbium. 


POSTSCRIPT. 

It  appears  proper  to  mention  fome  unfuccefsful  attempts 
which  I  have  lately  made  to  reduce  the  white  oxide. 

Reduction.  The  Fifty  grains  were  put  into  a  crucible  coated  with  charcoal ; 
was black-  anc^  being  covered  with  the  fame,  the  crucible  was  clofely 
ened  by  the  luted,  and  wras  expofed  to  a  llrong  heat,  in  a  fmall  wind  fur- 
ftrong  heat  with  nace  cluring  about  one  hour  and  an  half.  When  the  crucible 

was  broken,  the  oxide  was  found  in  a  pulverulent  ftate ;  and, 
from  white,  was  become  perfectly  black. 

The  phofphuret.  In  order  to  form  a  pholphuret,  fome  phofphoric  acid  was 
poured  upon  a  portion  of  the  white  oxide;  and,  being  eva¬ 
porated  to  drynefs,  the  whole  was  put  into  a  crucible  coated 
with  charcoal,  as  above  deferibed.  The  crucible  was  then 
placed  in  a  forge  belonging  to  Mr.  Chenevix,  and  a  tlrong 
heat  was  kept  up  for  half  an  hour. 

The  inclofed  matter  wras  fpongy,  and  of  a  dark  brown ;  it  in 
fome  meafure  refembled  phofphuret  of  titanium. 

After  this  we  wi (lied  to  try  the  effect  of  a  dill  greater  heat ; 
but  in  this  experiment  the  crucible  was  melted. 

The  above  experiments  rtiewr,  that  the  white  oxide,  like 
feveral  other  metallic  tubtlances,  may  be  deoxidated  to  a  cer¬ 
tain  degree,  without  much  difficulty,  but  that  the  complete  re¬ 
duction  of  it  is  {fill  far  from  being  eafily  effedted. 


V.  On 
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.. On  the  Effcfl  of  Sound  upon  the  Barometer.  By  Sir  Henry  C. 

Engle fi eld,  Bart .  F.  R .  S.  (From  the  Journals  of  the 
Royal  I nftitution ,  No.  9.) 

•  '  i 

During  the  time  I  fpent  at  Bruffels  in  the  year  1773  and  Whether  the  ba- 

1774,  it  occurred  to  me,  that  the  effed  of  found  on  the  barome-  f^g^by^ono- 

ter  had  not,  to  my  knowledge,  been  attended  to ;  and  that  it  rous  undulation. 

was  by  no  means  certain,  whether  that  inftrument  was  capable 

of  being  fenfibly  affedted  by  thofe  elaftic  vibrations  caufed  in 

the  atmofphere,  by  the  percuflion  of  a  fonorous  body.  I 

thought  the  idea  worthy  of  being  purfued,  and  the  means  of 

making  fatisfa&ory  experiments  were  moll  opportunely  in  my 

power. 

The  found  of  a  very  large  bell  appeared  to  me  the  mofl  The  bell  prefer- 

powerful,  and  at  the  fame  time  to  be  approached  with  the  red  *or  exPen_ 
i  t  *  mcnts  * 

greatefi:  fecurity  and  eafe  to  the  obferver.  The  explofion  of 
artillery,  befides  the  very  difagreeable  fmokeand  danger  of  the 
recoil,  might  be  objected  to,  on  account  of  the  fudden  produc¬ 
tion  of  clahic  and  heated  vapour,  which  might,  independent  of 
the  found,  inftantaneoufly  alter  the  Hate  of  the  atmofphere, 
and  thereby  lead  the  obferver  into  very  great  and  unavoidable 
errors. 

Every  one  who  has  been  in  the  Low  Countries  muft  know.  Large  bells  In  the 
that  very  large  bells,  and  immenfe  numbers  of  them,  are  the  Netller)ands. 
pride  of  their  churches  ;  and  that  they  are  rung  quite  out,  not 
tolled,  on  every  great  feftival.  The  great  bell  of  the  collegiate 
church  of  St.  Gudula,  at  BrufTels,  weighs,  as  I  was  told,  lix- 
teen  thoufand  pounds,  and  on  this  I  determined  to  found  my 
experiment. 

Two  objedtions  only  could  be  made  to  the  refult  of  this  ex-  Whether  thefe 
periment,  the  one,  that  the  motion  of  the  bell  might  caufe  a  vi-  'vould  produce 

°  irregularity  by 

bration  in  the  walls  of  the  building,  which  would  hinder  the  agitating  the 
placing  the  barometer  in  a  hate  of  repofe ;  the  other,  that  the  buildmg  or  the 

^  air* 

fwinging  fo  large  amafs  with  a  confiderable  degree  of  velocity, 
might  of  itfelf  agitate  the  air  fo  as  to  caufe  vibrations  in  the 
mercury  totally  independent  of  found. 

The  hrength  of  the  walls  of  the  fteeple,  and  the  manner  of  ObfervaLms. 
hanging  the  bell,  which  was  contained  in  a  frame  of  timber, 

founded 
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founded  on  a  ftrong  vault,  and  totally  independent  of  the  wall 
of  the  fteeple,  might  alone  have  anfvvered  the  firft  of  thefe  ob¬ 
jections;  but  happily  a  molt  complete  and  fatisfaCtory  anfwer 
to  both  of  them,  was  furnifhed  by  the  manner  in  which  the  bell 
was  rung. 

As  the  bell  was  to  ring  out  full  in  an  inftant,  at  a  fignal 
given  from  below,  it  is  neceffary  to  have  it  in  motion  tome 
time  beforehand;  and  during  that  time,  the  clapper  is  fixed  to 
one  fide  by  a  ftrong  flick  crofting  the  mouth  of  the  bell,  which, 
at  the  fignal,  is  pulled  out  by  the  hand  of  a  perfon  placed  for 
that  purpofe.  If  then,  our  barometer  {Viewed  no  variation 
during  all  this  time,  we  were  abfolutely  certain  that  whatever 
motion  was  perceived  afterwards,  was  wholly  owing  to  the 
found. 

Mr.  Pigott,  who  was  then  at  BrufTels,  was  kind  enough  to 
lend  me  one  of  his  barometers,  made  by  Ramfden,  and  his  foil 
made  the  following  obfervations  jointly  with  myfelf : 

At  two  o’clock  in  the  afternoon  of  the  1ft  of  November 
1773,  we  went  into  the  northweft  tower  of  St.  Gudula’s 
church,  and  having  fixed  the  barometer  firmly  in  the  opening 
of  a  window,  not  above  feven  feet  from  the  bottom  of  the  bell, 
we  waited  quietly  for  its  ringing. 

The  height  of  the  mercury  before  the  bell  began  to  fwing, 
as  obferved  by  Mr.  Pigott,  was  29.478  inches.  The  bell  be¬ 
ing  in  full  fwing,  no  alteration  whatever  was  perceptible. 

The  inflant  that  the  clapper  was  loofed  the  mercury  leaped 
was^elevated  by  up^  antj  continued  that  fort  of  fpringing  motion,  at  every  ftroke 
large  bell.  of  the  clapper,  during  the  whole  time  of  the  ringing  of  the  bell, 
Thefe  were  our  obfervations : 


Narrative. 


The  mercury 


During  the  ringing  of  the  bell,  Mr.  P.  -  29.469 

During  the  ringing,  by  myfelf. 

Higheft .  29.480 

Low  eft  -  29.474 

Higheft .  29.482 

Lowed  -  -  -  -  -  -  29.472 


Thefe  obfervations  were  made  with  the  greateft  attention  ; 
and,  confidcring  their  delicacy  and  the  difficulty  of  obferving, 
agree  very  nearly.  They  appear  to  give  from  6  to  10  tliou- 
fandths  of  an  inch  for  the  effect  of  this  found  on  the  barometer. 
It  is  to  be  obferved,  that  Mr.  Pigott,  in  general,  eftimated 

the 
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the  height  of  the  mercury  about  5  thoufandths  lower  than  my-* 


felf,  which  brings  our  obfervations  to  a  very  near  agreement. 
The  following  obfervations  prove  this  : 

On  the  top  of  the  tower,  Mr.  P.  29.424 

Ditto,  by  me . 29.430 

At  the  foot  of  the  tower,  Mr.  P.  -  29.639 

Ditto,  by  me  -----  29.642 

In  the  court  of  the  Englifh  Nuns,  by  Mr.  P.  29.676 
Ditto,  by  me  -----  29.682 


And  I  fhould  think  that  the  difference  of  eyes  may  frequently 
caufe  fuch  a  variation  among  different  obfervers;  at  leaf!  in 
delicate  obfervations,  it  will  be  always  prudent  to  make  the 
experiment. 


i 


NOTE  BY  DR.  YOUNG. 

THESE  obfervations  appear  to  agree  too  well  with  each  Obfervations  Vy 

other,  to  allow  us  to  doubt  of  their  accuracy.  It  therefore  be-  ^r*  Young* 

comes  neceffary  to  inquire  into  the  caufes  of  the  different 

heights  of  the  barometer.  It  is  indeed  barely  poflible,  that  a 

fudden  ffroke  of  the  clapper  on  the  bell  might  produce  a 

greater  agitation  of  the  building  than  the  preceding  alternate 

motion  of  the  bell  itfelf:  but  this  explanation  cannot  be  called 

fatisfadtory.  It  is  certain,  that  there  was  neither  more  nor  lefs 

air  in  the  tower  while  the  bell  was  founding,  than  while  it  was 

filent;  the  mean  denfity  of  the  air  could  therefore  not  have  The  mean  den- 

been  changed;  and  if  the  alternate  motions  of  the  particles  of  t^eair 
°  r  was  not 

air  which  conftitute  found,  had  taken  place  by  equal  degrees,  changed. 

and  with  equal  velocities,  in  each  oppofite  direction,  there  is 

no  reafon  to  fuppofe  that  the  increafe  of  preffure  on  the  furface 

of  the  mercury,  at  one  inftant,  could  have  tended  to  raife  it, 

more  than  the  decreafe  of  preffure,  in  the  oppofite  ftate  of  the 

undulation,  would  have  depreffed  it.  But  the  fame  confe-  If  the  motion  of 

quence  does  not  follow,  if  we  conceive  the  motion  of  the  air,  ^orerapTdrtian 

in  advancing,  to  be  more  rapid,  but  of  lliorter  continuance,  of  return  in  rbe 

than  its  retrogade  motion.  For  if  the  wind  blew  for  one  hour  und’fJa1tlons,.lt 

°  iir  •  i  •  would  have  the 

with  a  velocity  of  4,  and  the  fame  air  returned,  in  the  courle  effe&ofa  pref- 

of  two  hours,  with  a  velocity  of  2,  an  obfiacle  upon  which  itfure" 

had  adted  in  both  directions  would  not  be  found  in  its  original 

place;  for  the  adtion  of  the  wind  upon  an  obfiacle  is  as  the 

fquare 
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fquare  of  the  velocity,  and  the  time  would  not  compenfate  for 
the  difference  of  force.  It  is  therefore  eafy  to  fuppofe,  that  the 
law  of  the  belPs  vibration  was  in  this  experiment  fuch,  that 
the  air  advanced  towards  the  barometer  with  a  greater  velocity 
than  it  receded,  although  for  a  fhorfer  time;  and  that  hence 
the  whole  effe<51  was  the  fame  as  if  the  mean  preffureof  the  air 
This  law  might  had  been  increafed.  Such  a  law  might  eafily  refult  from  a 
t'nfrrf fubo!dinatc  comt>ination  of  a  more  regular  principal  vibration  with  one  or 


vibrati  ns,  iom-  more  fubordinate  ones,  in  different  relations ;  and  fimilar  cafes 
principal*^  ^  ma.y  foretimes  be  obferved  in  the  vibrations  of  chords.  Here 
we  find  a  flight  degree  of repullion,  in  confequence  of  the  un- 
Slight  repulfions  dulations  of  an  elafiic  medium.  Dr.  Hooke  attempted  to  ex- 

fn°daftic  medt  P^a*n  phenomena  of  attradion  by  means  of  fimilar  undula- 

ums.  tiops  of  an  ether,  which  he  fuppofed  to  be  the  medium  ferving 

he.her  gra-  for  tjie  communication  of  heat;  but  it  muft  be  confeffed,  that 
vity  befo  caufed.  . 

the  conjecture  has  little  appearance  of  probability. 


VI. 

On  the  Expanjion  of  Carbonated  Hidrogen  by  Electricity.  From 

a  Correfpondent. 


To  Mr.  NICHOLSON. 


S  I  R, 


Expanfion  of  J  VENTURE  to  trouble  you  with  a  few  remarks  on  a  phe- 
by  el-dridt Cn  nomenon  chemiftry,  the  expanfion  of  carbonated  hidrogen 
not  yet  explain-  gas  on  the  ele&ric  fpark  being  pafTed  through  it.  None  of  the 
cd*  explanations  of  this  circumftance  which  I  have  met  with,  ap¬ 

pear  to  me  to  be  fatisfaefory ;  and  I  have  fiated  a  few  objec¬ 
tions  which  occurred  to  me  on  eonfidcring  them.  If  you  think 
them  of  fuftieient  weight  to  fill  a  corner  of  your  ably-con ducted 
Journal,  fome  correfpondent  of  greater  abilities  may  perhaps 
give  a  new  explanation  of  the  fa£L  But  if  you  think  them 
beneath  your  notice,  and  unworthy  of  a  place  among  the  ex¬ 
cellent  communications  with  which  your  numbers  are  filled,  1 
have  only  to  beg  that  you  will  pardon  the  prefumption  of  a 
very  young  ch  unit,  who*  by  this  firfl  attempt,  has  perhaps 
only  expofed  his  own  ignorance. 

I  am.  Sir, 

Your’s  with  much  refpecl, 

Edin.  June  8,  1802.  G.  H. 

O/i 
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Oil  the  Expanfion  of  carbonated  Ilidrogen  Gas. 

This  fadt  was  firfi  obferved  by  Dr.  Aufiin.  On  palling  the  Dr.  Auftinfiift 
eledtric  fpark  through  a  quantity  of  carbonated  hidrogen  gas,  ^^^ed^aC 
he  found  that  the  gas  was  permanently  dilated  to  more  than  is  expanded  to 
twice  its  original  bulk.  He  concluded  that  this  remarkable  double  by  elec- 
expanfion  could  only  be  owing  to  the  evolution  of  hidrogen  nclt^* 
gas.  Upon  burning  the  air  thus  expanded  in  oxigen  gas,  he 
found  that  it  required  more  oxigen  for  its  combufiion  than  an 
equal  quantity  of  carbonated  hidrogen  gas,  which  had  not 
been  expanded  by  the  electric  fpark.  An  addition  therefore 
had  been  made  to  the  combujtible  matter ;  for  the  quantity  of  oxi¬ 
gen  neceffary  to  complete  the  combufiion  of  any  body,  is  al¬ 
ways  proportional  to  the  quantity  of  that  body.  He  con-  Hi$  theory  that 

eluded  from  thefe  experiments,  that  he  had  decompofed  the  Cdrbon  f  hidro- 

r  .  1  gen  and  azote, 

carbon  which  had  been  difiolved  in  the  hidrogen,  and  that 

carbon  was  compofed  of  hidrogen  and  azote,  tome  of  which 

was  always  found  in  the  vefiel  after  the  combufiion. 

If  Dr.  Auftin  had  more  attentively  confidered  the  circum-  Objections. 

fiances  of  thefe  experiments,  he  would  probably  been  pre-  Hui‘ogen  ani 

r  f  1  azote  are  not 

vented  from  drawing  this  conclufion.  The  quantity  of  combuf  more  combufti- 

tible  matter  had  been  increased.  Now,  if  the  expanfion  of  the  tban  carbon  : 

.  J  .  1  and  the  product 

carbonated  hidrogen  gas  was  owing  merely  to  the  decompo-  js  not  mere 

fition  of  carbon,  no  fuch  increafe  ought  to  have  taken  place,  water  and  azote, 
but  rather  the  contrary  ;  for  the  carbon,  which  was  itfelf  a  acid  gas# 
combuftible  fubfiance,  was  refolved  into  two  ingredients,  hi¬ 
drogen  and  azote,  only  the  firfi  of  which  burnt  on  the  addi¬ 
tion  of  oxigen,  and  the  application  of  heat.  And  befides,  if 
the  carbon  had  been  refolved  into  hidrogen  and  azote,  the 
product  of  the  combufiion  could  only  have  been  a  greater  quan¬ 
tity  of  water,  with  a  refiduum  of  azote ;  for  the  hidrogen 
evolved  by  the  dilatation  of  the  carbonated  hidrogen  gas,  com¬ 
bining  with  the  additional  oxigen,  mufi  have  formed  an  addi¬ 
tional  quantity  of  water.  But  it  is  a  fadt,  which  the  Dodtor 
does  not  feem  to  have  attended  to,  that  befides  water,  carbo¬ 
nic  acid  gax  is  produced  from  the  combufiion  of  the  expanded 
carbonated  hidrogen.  Whence,  then,  comes  the  carbonic 
acid  gas  ? 

Mr.  Henry  *,  who  repeated  Dr.  Aufiin’s  experiments  with  Henry 
great  accuracy,  found  that  he  was  corredt  with  regard  to  the  expanfion1  i?6 

*  Philof.  Tranfaft.  1797. 
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produced  by  hi- 
drogen  from  de- 
compofed  water. 


But  this  difeo- 
very  does  not 
accounc  for  the 
greater  quantity 
of  oxigen  re¬ 
quired  to  burn 
the  expanded 
gas. 


EXPANSION  OF  CARBONATED  HIDROGEN. 

increafe  of  combuftible  matter.  He  alfo  found,  that  the  ex- 
panfion  could  not  be  carried  beyond  a  certain  point,  about 
twice  the  original  bulk  of  the  gas.  Upon  burning  feparately 
by  means  of  oxigen,  two  equal  portions  of  carbonated  hidro- 
gen  gas,  one  of  which  had  been  expended  by  electricity  to 
twice  its  original  bulk,  the  other  not,  he  found  that  each  of 
them  produced  precifely  the  fame  quantity  of  carbonic  acid 
gas ;  a  proof,  that  the  carbon  in  both  remained  the  fame,  and 
that  the  hidrogen  could  not  have  been  produced  from  it.  He 
concluded  therefore,  that  the  evolution  of  the  hidrogen  is  pro¬ 
duced  from  the  decompofition  of  the  water  with  which  hidro¬ 
gen  is  always  more  or  lefs  impregnated  ;  to  prove  which,  he 
took  hidrogen  gas,  from  which  he  expelled  as  much  water  as 
poflible,  and  found  that  the  electric  fpark  produced  a  very 
fmall  dilatation  ;  but  on  admitting  a  drop  or  two  of  water,  the 
expanfion  went  on  as  ufual.  It  is  eafily  feen  how  this  de¬ 
compofition  is  effefted.  Carbon  at  a  high  temperature  has  a 
greater  affinity  for  oxigen  than  hidrogen  gas ;  when  the  tem¬ 
perature  is  raifed,  therefore,  by  the  electric  fpark,  the  carbon 
unites  with  the  oxigen  of  the  water,  forming  carbonic  acid  gas, 
and  the  hidrogen  is  evolved.  As  to  the  azote,  it  muft  have 
been  produced  from  the  admifiion  of  atmofpheric  air  into  the 

Although  this  theory  of  Mr.  Henry  feems  to  prove  the  pro¬ 
duction  of  hidrogen  from  the  decompofition  of  the  water  con¬ 
tained  in  the  gas;  ft  ill,  however,  it  is  no  more  able  to  ac¬ 
count  for  the  increafe  of  combuftible  matter  than  that  of  Dr. 
Auftin.  When  the  gas  is  dilated,  hidrogen  and  oxigen  are 
evolved  from  the  water.  The  hidrogen  goes  to  increafe  the 
bulk  of  the  gas,  and  the  oxigen  unites  with  the  carbon.  Ex¬ 
panded  carbonated  hidrogen  gas,  then,  contains  hidrogen, 
carbon,  and  carbonic  acid  gas.  In  combuftion,  the  evolved 
hidrogen,  in  order  to  form  water,  requires  a  quantity  of  ad¬ 
ditional  oxigen,  precifely  the  fame  as  that  with  which  it  was 
combined  before  decompofition  of  the  water  :  and  on  the  other 
hand,  the  carbon  requires  precifely  the  fame  quantity  lefs,  as 
part  of  it  is  already  rendered  incombuftible,  by  being  com¬ 
bined  with  the  oxigen  of  the  water.  Therefore,  according 
to  Mr.  Henryk  theory,  a  quantity  of  expanded  carbonated 
hidrogen  gas  requires  the  fame  quantity  of  oxigen  for  its  corn- 
bullion,  as  an  equal  quantity  that  has  not  been  expanded  : 

,  and 
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and  confequently  they  both  contain  the  fame  quantity  of  com- 
buftible  matter  ;  for  in  proportion  as  the  combuftible  matter 
is  incrcafed  by  the  formation  of  hidrogen,  in  the  fame  pro¬ 
portion  it  is  diminifhed  by  the  formation  of  carbonic  acid  gas. 
But  this  is  obferved  to  be  contrary  to  fa6i ;  for  carbonated  hi¬ 
drogen  gas  when  expanded  does  a&ually  contain  more  com-r 
buftible  matter  than  before  its  expanfion.  It  would  appear 
then,  that  a  fatisfa&ory  explanation  of  this  increafe  of  com-* 
buftible  matter  has  not  yet  been  given. 

G.  H. 


VII. 

A  new  Procej's  for  claying  Sugars ,  propofed  by  Cit.  Hapel- 
La  chen  a  ie.  Chief  Apothecary  of  the  Military  U  of p  dais  of 
Guadaloupe ,  to  the  Agents  of  the  Confuls  of  the  French  Repub¬ 
lic  in  the  Windward  J funds  *. 

JBeING  called  upon  by  the  fcientific  million  confided  to  me  Introdu&ion. 
by  the  Government,  to  employ  myfelf  in  every  kind  of  re- 
fearch  which  may  prove  interefling  to  the  cultivation  and  pro¬ 
ductions  of  this  colony,  I  have  thought  it  my  duty  to  endea¬ 
vour  to  difcover  a  fimple,  eafy,  and  cheap  method  of  dif- 
penfmg  with  the  pottery  which  is  ufed  in  the  fabrication  of 
clayed  fugars. 

There  was  even  an  urgent  neceffity  that  I  fhould  dire£i  my  Want  of  Pans 
attention  to  thefe  obje6ts,  becaufe  moft  of  the  proprietors  of ^zrtin'st  D ” 
thefe  colonies,  being  at  this  moment  in  want  of  the  forms  and  mingo, 
pots  hitherto  confidered  as  indifpenfibly  neceffary  for  the  clay¬ 
ing  fugars,  are  obliged  to  wait  till  the  fmall  number  of  pots 
they  poflefs  (hall  be  cleared  of  the  fugar  they  contain  before 
they  can  fabricate  more. 

The  delays  occafioned  by  this  inconvenience  are  the  more  obvioufly  pro¬ 
prejudicial  to  the  inhabitants  in  general,  becaufe  they  are  ^^lve  °f 
obliged,  on  this  account,  to  defer  cutting  their  canes  when  at 
the  mod  advantageous  time  of  their  growth  ;  and  as  they  can¬ 
not  perform  this  at  the  moll  favourable  feafon,  their  Ioffes  are 
incalculable  by  fuffering  the  canes  to  grow  old,  and  finifhing 


*  From  the  Annales  de  Cbimie,  XL.  7j. 
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Experiments  for 
a  new  procefs, 


their  gathering  in  the  feafon  when  they  afford  very  little  fugar, 
in  comparifon  with  what  they  would  have  yielded  if  they  had 
been  cut  in  time. 

While  this  retardation  diminiflies  the  immediate  product,  it 
has  an  influence  on  the  vigour  of  the  fucceeding  (hoots,  as  I 
have  obferved,  and  renders  their  advancement  lefs  fpeedy. 
And  by  this  means  it  expofes  the  farmer  of  national  planta¬ 
tions  to  fail  in  payment  of  the  terms  of  their  location. 


for  difpofing  the 
fugar  to  be 
clayed  in  large 
veflels. 


Firft  ufed  by 
Citizens  Bou- 
eherie  at  Paris, 


I  (hall  not  dwell  upon  the  various  experiments  I  made  be¬ 
fore  my  fuccefs  was  complete,  but  (hall  confine  myfelf  to  thofe 
means  which  have  befl  fucceeded  with  me,  and  to  which  I 
have  confined  myfelf  in  the  fubfequent  practice  in  my  fugar- 
work. 

This  procefs  confifis  in  difpofing  the  fugar  in  receptacles  of 
12,937  cubic  feet,  each  containing  26  ordinary  forms,  and  to 
clay  it  in  thefe  fame  receptacles,  of  which  I  (hall  proceed  to 
give  a  defeription  : 

The  priority  of  the  method  which  I  propofe  belongs  to  Cits. 
Boucherie,  who  firft  adopted  it  in  their  refinery  of  Bercy  near 
Paris.  They  were,  as  far  as  I  knowr,  the  firft  who  conftructed 
veflels  to  clay  the  raw  fugars  they  received  from  our  colonies 
previous  to  their  refining  them.  But  though  this  invention  is 
thdAmth°Vedby  undoubtedIy  I  alfo  have  a  claim  as  to  the  degree  of 

improvement  which  their  veffel  did  not  poffefs,  but  which  I 
have  given  them  by  rendering  them  more  convenient,  advan¬ 
tageous,  and  economical  *. 

Defcnption  of  The  veflels  of  Citizens  Boucherie  were,  as  nearly  as  I  can 
Citizen^Boii-  recolledf,  about  15  or  18  inches  deep,  and  five  feet  wide. 

They  were  fquare,  and  the  bottom  of  each  was  perforated 
with  a  great  number  of  fmall  holes  for  the  difeharge  of  the 
fyrup,  which  fell  into  a  fecond  veffel  lefs  deep,  but  of  the 
fame  dimenfions  as  the  others  as  to  their  width.  This  fecond 
veffel  was  lined  with  thin  metallic  plates,  of  an  alloy  invented 
by  Mr.  Hilkerdeau,  a  Spanifli  chemifl.  The  upper  veflels 


cherie. 


*  I  attended  their  operations  in  the  year  178-t,  before  I  came  to 
this  colony.  I  had  alfo  the  advantage  at  that  time  of  giving  feveral 
Je&ures  in  their  eftablilhment  to  feme  cultivators  of  St.  Domingo 
and  other  fugar  iflands,  to  facilitate  their  knowledge  of  the  doc¬ 
trine  and  proceffes  of  that  interefting  manufafture  which  they  fre¬ 
quently  vifited. 


were 
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were  fupported  on  their  edges  by  a  level  and  firm  framing,  the 
inferior  veffels  ftood  on  the  floor. 

The  upper  veffiels  were  filled  with  raw  fugar  intended  to  Charged  with 
be  clayed,  which  was  firfi  well  divided  or  crumbled  in  order  raw 
to  its  equal  diftribution.  This  was  levelled  and  compretfed 
as  equally  as  poflible,  to  form  what  we  commonly  call,  the 
bottom  (les  funds).  Upon  this  mafs  the  diluted  and  prepared 
earth,  properly  adapted  to  the  operation,  was  very  carefully 
poured. 

Though  this  procefs  may  appear  very  Ample  at  firfi  fight.  This  fimple  pro- 
it  neverthelefs  prefents  difficulties  which  could  fcarcely  be  ^jeftions^  ** 
overcome  in  that  manufactory,  and  which  would  be  almofl 
impoffible  to  furmount  in  ours,  where  the  men  employed  in 
this  bufinefs  have  neither  the  underfianding  nor  the  (kill  of 
thofe  of  Citizens  Boucherie  ;  and  it  was  not  till  they  had 
pra6tifed  for  fome  time  that  they  became  able  to  perform  it 
without  difficulty. 

J 

The  firfi  operation  in  which  a  failure  may  be  made  for  want  it  is  difficult  to 

of  fkill,  is  that  of  levelling  with  a  trowrel  an  elafiic  furface  of'^vel  and  Pre^s 

r  r  r  -  the  lugar  in  the 

2 o  Iquare  ieet.  i  he  lecond  is  to  comprels  equally  that  lur-  large  vefTels. 

face  in  order  to  give  folidity  to  the  bottom,  that  the  diluted 

earth  may  extend  to  the  fame  thicknefs  on  all  fides,  and  find 

that  furface  fo  clofe  as  to  admit  the  penetration  of  the  water 

only. 

All  thofe  who  are  engaged  in  the  manufadture  of  fugar  muft  Mifchievous 
be  aware,  that  if  any  inequality  exifts  in  the  levelling  of  the  bad^eveffin^or^ 
bottom,  the  water  which  gradually  leaves  the  earth  naturally  prefling. 
flowrs  to  the  low'eft  place,  where,  if  the  compreffion  be  not 
every  wdiere  the  fame,  the  water  infinuates  itfelf  into  the  moft 
porous  part ;  and  in  either  of  thefe  cafes,  this  fluid  being  con-  The  water  flows 
du6ted  with  the  earth  towards  a  Angle  point,  is  colledled  in  t0  the  Joweft 
fufficient  abundance  to  diffiolve  the  fugar  at  that  place,  and  f^ves The  fugar  * 
form  what  is  called  a  fox  (un  renard.)  When  this  happens  the  while  the  reft  is 
operation  of  claying  fails,  for  it  is  known  that  the  portion  of  not  Pun^ed* 

earth  retained  at  the  furface  a<5ts  little  upon  the  reft  of  the  mafs 
of  fugar.  This  inconvenience,  which  occafions  a  great  lofs 
in  the  product,  is  alfo  found  to  change  its  quality,  which  is 
worfe  on  this  account. 

In  the  confiruclion  of  the  cafes  or  veffiels  of  Citizens  Bou-  The  fugar  is  not 
cherie,  which  cannot  be  removed,  other  inconvenieneies  are  CaJcen  out' 
found  which  do  not  exifi  in  mine.  One  of  thefe  is  the  diffi- 
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Unity  of  taking  out  the  fugar  after  its  drainage.  A  fecond  i*% 
that  the  holes  in  their  bottom  are  too  fmall,  which  renders 
them  liable  to  be  obffruCted,  and  the  procefs  to  be  greatly 
retarded. 


(To  be  concluded  in  our  next.) 


Sulphate  of  lime 
containing  no 
water  is  a  new 
object  in  mine¬ 
ralogy. 


Its  primitive 
form  is  a  right 
prifm  with  rect¬ 
angular  bates. 


Eafily  divided. 


VIII. 

Defer ipt ion  of  the  Cryjlalline  Forms  of  the  Anhydrous  Sulphate  of 
Limey  with  fame  Obfervations  on  this  Subjlance.  By  M.  Le 
Comte  de  Bo urn on,  Member  of  the  Iloyai  and  Linmcan 
Societies  of  Londori.  Tranfated  from  the  Original ,  commu¬ 
nicated  by  the  Author  *. 

GtYPSUM,  or  the  fulphate  of  lime  deprived  of  water,  is  a 
new  objeCt  in  mineralogy  :  fcarcely  has  the  fcience  as  yet 
caff  a  glance  upon  this  fubffance,  and  none  of  its  cryftalline 
forms  have  hitherto  been  determined.  Having  had  opportu¬ 
nities  of  examining  fome  of  thefe  forms,  and  at  the  fame  time 
of  comp&ring  a  number  of  fpecimens  of  this  fubffance,  pro¬ 
cured  from  different  countries,  I  felt  myfelf  induced  to  lay 
before  the  Public  my  obfervations  upon  this  fubjeCt,  thinking 
they  might  contribute  to  throw  fome  light  upon  the  nature  of 
feveral  (tones,  with  which  we  are  not  yet  perfectly  ac¬ 
quainted. 

The  primitive  form  of  this  fubffance,  which  has  been  defig- 
nated  by  the  name  of  Anhydrous  Sulphate  of  Lime  by  the 
Abbe  Hauy,  is  a  rectangular  paralelopiped,  as  had  been  pre¬ 
fumed  by  this  able  mineralogift ;  but  it  does  not  appear  that 
this  paralelopiped  can  be  the  perfect  cube,  as  is  indicated  by 
the  habitual  form  of  the  cryftals,  which  when  moff  fimple,  is 
always  a  right  prifm  with  rectangular  bafes,  having  two  op- 
pofite  Tides  broader  than  the  two  others  (Fig.  I,  Plate  XI.), 
and  feems  equally  to  be  indicated  by  the  circumffances  which 
accompany  this  form.  The  mechanical  divifion  is  very  eafy 
upon  all  the  faces  of  this  cryffal ;  but  the  longitudinal  ftraight 
faces  prefent,  in  this  refpeCt,  a  little  more  refiftance  than  the 
others. 


*  Alid  afterwards  revifed  by  him. 


The 
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The  broad  faces,  as  well  as  thofe  which  terminate  this  rec-Luftre. 
tangular  prifm,  have  generally  a  very  brilliant  ludre  ;  the  lon¬ 
gitudinal  narrow  ones  faces  are  duller,  and  very  frequently  dri- 
ated  in  the  dire<5tion  of  their  length.  The  broad  (ides  are  be¬ 
tides  characterifed  by  a  pearly  reflexion,  (imilar  to  that  which 
is  peculiar  to  the  zeolite  dilbite,  and  this  brilliancy  remains 
even  after  thofe  faces  have  been  divided  :  they  alfo  habitually 
exhibit  the  interdiction  ((t ntrecroijfe merit)  at  right  angles  of 
the  joints  belonging  to  the  other  faces. 

This  crydal  prelents,  along  its  longitudinal  edges,  a  decreafe  Secondaryforms* 
which  replaces  each  of  thefe  (ides  by  a  plane  unequally  in- 
dined  upon  the  adjacent  faces :  it  forms  with  the  broad  tides 
ot  the  prilm  an  angle  of  130°,  and  of  140°  with  the  narrow 
Tides,  (Fig.  2.)  The  prifm  is  therefore  odtahedral,  and  has 
tour  edges  of  130°,  and  (bur  others  of  140°. 

Thefe  new  planes  frequently  join  each  other,  upon  the  nar-  HexahedraJ 
rowr  (ides  of  the  prifm,  and  they  then  convert  the  octahedral  Pr'^m* 
into  a  hexahedral  form,  having  four  edges  of  130°,  and  the 
two  others  of  100°  (Fig.  3.)  The  pearly  (ides  frequently 
then  continue  to  be  the  broaded ;  in  other  indances,  the  dx 
ddes  of  the  prifm  are  equal,  or  nearly  equal  with  each  other. 

I  have  not  yet  feen  any  fecondary  faces  placed  upon  the  ter¬ 
minal  edges. 

The  cry  dais  upon  which  this  defcription  is  founded  are  of 
condderable  magnitude  :  (ome  are  more  than  an  inch  in  length. 

They  are  ot  a  fine  fledi  colour,  and  formed  part  of  one  of  the 
fpecimens  brought  from  the  Tyrol,  in  which  the  anhydrous  Foreign  admix- 
fulphate  of  lime  is  mixed  with  muriate  of  foda  or  common  ^  dmuiiat<: 
fait ;  but  as  this  (alt  is  intirely  foreign  to  it,  and  only  inter- 
pofed  between  its  parts,  frequently  even  in  a  manner  that  is 
very  perceptible  to  the  eye,  the  form  of  thefe  crydals  ought 
to  be  conddered  as  being  really  that  of  the  pure  anhydrous 
fulphate  of  lime.  Beddes,  1  have  feen  in  Mr.  Greville’s  ca¬ 
binet  at  London,  a  lpecimen  in  which  this  fubdance  prefents 
exaCtly  the  fame  alpect,  and  the  fame  colour,  and  which  at 
the  lame  time  is  totally  deditute  of  fait.  In  this,  the  anhy'- 
drous  (ulphate  of  lime  is  confufedly  intermingled  with  aCtinote 
of  a  pale  green  colour,  with  fome  parts  of  cupreous  pyrites, 
and  of  the  black  and  very  magnetic  oxide  of  iron.  The  loca¬ 
lity  of  this  intereding  fpecimen  has  not  been  preferved ;  but 
there  is  every  reafon  to  prefume  that  it  came  from  Sweden. 

In 
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Groups  of  cry- 
ftals  } 


rifily  feparatcd. 


Peculiarity. 

The  prefence  of 
fulphur  of  anti- 
monv  and 
quartz. 


Quartz  in  an¬ 
other  fpecimen. 


In  the  Tyrolefe  fpecimens,  fimilar  to  that  which  afforded 
the  cry  dais  which  I  have  jult  deferibed,  thelc  are  for  the 
mod  part  drongly  engaged  and  applied  againd  each  other, 
eroding  each  other  in  different  directions ;  fomc  of  them,  how¬ 
ever,  are  inhibited.  But  as  many  of  them  are  united  by  their 
broadifli  or  pearly  faces,  they  have  no  very  ftrong  adhefion, 
and  it  is  always  fufficiently  eafy  to  feparate  them  with  the 
edge  of  a  knife.  Thefe  fpecimens  frequently  exhibit  in  their 
mat's  more  or  lefs  confiderablc  portions  of  pure  common  fait; 
fevcral  of  their  crystals  are  confiderably  tranfparent. 

A  piece  of  this  fubdance  which  I  procured  for  Mr.  Chcnc- 
vix,  for  the  purpofe  of  analysing  it,  exhibited  a  peculiarity 
which  deferves  to  be  remarked.  On  breaking  fome  of  its 
cry  dais,  final  l  needles  of  fulphuret  of  antimony  were  per¬ 
ceived  within  it,  adhering  for  the  mod  part  to  fmall  groups  of 
cry  dais  of  quartz.  Not  a  trace  of  either  of  thefe  two  fub- 
dances  was  found  in  the  other  parts  that  were  Objected  to 
analyds :  the  fame  was  the  cafe  with  the  carbonate  of  lime, 
which  Mr.  Klaproth  has  indicated  at-  of  the  analyds 
which  he  made  of  it,  and  which,  undoubtedly,  was  likewifo 
only  an  extraneous  or  interpofed'fubdance. 

•In  like  manner,  in  the  done  of  Vulpino,  obferved  and  de¬ 
feribed  very  accurately  and  carefully  by  Mefirs.  Fleurieu  and 
Bellevue,  in  the  2d  Vol.  of  the  Journal  de  Phydque  for  1798, 
the  anhydrous  fulphate  of  lime  is  mixed  with  interpofed  par¬ 
ticles  of  quartz,  which,  according  to  the  analyds  made  of  it 
by  Mr.  Vauquelin,  are  in  the  proportion  of  to  its  whole 
mafs.  I  am  indebted  to  the  friendthip  of  Mr.  Fleurieu  for 
two  fpecimens,  which  prefent  two  didind  varieties  of  this 
interefting  done. 

One  of  them  is  of  a  good  blue  colour,  is  partly  of  a  very 
fine  fandy  grain,  and  partly  coarfer  and  laincllated  :  it  greatly 
refembles  the  carbonate  of  lime  known  by  the  name  of  faline 
marble.  An  immenfe  number  of  fmall  laminae  are  obtervable 
in  it,  which  crofs  each  other  in  different  directions,  and  are 
found  by  the  magnifier  to  be  perfectly  rectangular. 

The  other  is  of  a  darker  alb  coloured  grey  ;  it  is  lefs  pure 
than  the  former  :  fome  portions  of  a  true  gvpfeous  earth  are 
obferved  in  it,  containing  a  (mall  quantity  of  argill  and  of 
carbonate  of  lime.  Its  fubftance  is  more  compact  than  that  of 
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the  preceding  fpecimen ;  its  laminae  are  larger,  their  rectan¬ 
gular  form  is  more  perceptible,  and  feveral  of  them  have  a 
pearly  reflexion. 

Of  two  other  pieces  of  the  fame  fubftanee,  in  the  cabinet  of  Othcrfpecimens. 
Mr.  Greville  at  London,  which  appear  to  me  to  belong  to 
the  anhydral  fulphate  of  lime  of  the  falt-works  in  the  canton 
of  Bern,  and  both  which  are  perfectly  pure,  the  one  is  white 
with  a  little  of  a  blueifh  caft,  the  other  has  the  fame  blueifh 
tinge,  blit  deeper,  and  greatly  refembles  in  colour  the  pale 
blue  fapphire,  known  by  the  name  of  water  fapphire.  Both 
have  a  coarfe  granulated  texture,  and  are  compofed  of  a  com  ¬ 
bination  of  rectangular  lamina?,  which  crofs  each  other  in  dif¬ 
ferent  directions,  as  may  eafily  be  difeerned  with  the  naked 
eye.  But  the  laminae  of  that  in  which  the  blueifh  colour  is 
the  moft  intenfe,  prefent  befides  fo  lively  a  pearly  reflection, 
that  it  might  eafily,  at  firft  fight,  be  miftaken  for  a  mafs  of 
zeolite  fiilbite.  Rectangular  laminae,  of  fome  thicknefs,  may 
be  feparated  from  it,  which,  like  the  cryflals  before  defer ibed, 
are  eafily  divided  in  every  direction. 

The  fpecific  gravity  of  the  anhydrous  fulphate  of  lime,  Specific  gravity, 
mixed  with  common  fait,  proved  to  be  2940.  That  of  the 
fpecimens  which  I  mentioned  in  Mr.  Greville’s  cabinet, 
namely,  that  in  which  the  laminae  had  the  ftrong  pearly  re¬ 
flection,  was  29.57,  and  the  other  2929.  Of  the  two  of  Vul- 
pino,  the  mofl;  compaCt  was  2951,  and  the  other  2933. 

The  hardnefs  of  this  fubftanee,  in  all  the  fpecimens,  is  fome-  Hardnefs. 
what  fuperior  to  that  of  the  carbonate  of  lime  ;  in  all  of  them 
alfo  the  anhydrous  fulphate  of  lime  is  fufible  by  the  blow-pipe 
without  ebullition,  and  affords  an  opaque  glafs. 

There  is  a  marked  difference  between  them,  with  refpeCt  to  Phofphoref- 
the  phofphorefcence,  upon  an  heated  fhovel.  The  anhydrous  cence* 
fulphate  of  lime  of  Vulpino,  gives  a  pretty  ftrong  orange-co¬ 
loured  light ;  that  mixed  with  common  fait,  affords  a  very 
faint  bluifh  light ;  that  of  the  falt-works  of  Bern,  none  at  all ; 
and  laftly,  that  which  I  mentioned  as  containing  aCtinote,  with 
attractive  oxide  of  iron,  &c.  gives  a  light  fomewhat  more  red- 
difli  than  that  of  Vulpino. 

Gypfum  deprived  of  water,  or  anhydrous  fulphate  of  lime,  The  abfencc  of 
therefore,  poffefles  characters  altogether  different  from  thofe  water  renders 
of  the  fulphate  of  lime  which  contains  that  liquid;  and  as  in altog^tlf^differ- 
thefe  two  ftones  the  fulphuric  acid  and  the  lime  exift  in  the  cnt* 
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fame  proportions,  it  cannot  be  doubted  but  that  the  prefence 

of  the  water  totally  changes  the  nature  of  the  combination  of 

acid  and  earth  when  it  conies  to  be  joined  with  it,  which,  it 

appears  to  me,  can  only  take  place  fo  far  as  this  water  becomes 

itfelf  an  eflential  component  part  of  the  done. 

Remarks  in  This  is  not  the  only  fubdance  which  enables  us  to  ascertain 

fs  eff  ndal  water>  which  formerly  was  confidered  as  a  part  fo- 

the  compofition  reign  to  the  ftones  which  contained  it,  becomes  in  reality,  in 

of  many  fab-  feveral  of  them,  an  ingredient  ellential  to  their  nature.  The 
fiances.  0 

analyfis  which  Mr.  Chenevix  has  made  of  the  different  fpecies 

Arfeniates  of  of  arfeniates  of  copper,  have  prefented  us  a  ffriking  example 
copper.  of  this,  efpecially  in  that  variety  of  the  third  fpecies  of  my  de¬ 

scription  (fee  Philofophical  Tranfadtions,  1801)  to  which  I 
have  given  the  name  of  Hematiform.  A  movement  of  decom- 
pofition,  which  is  confined  to  the  gradual  lois  of  their  confti- 
tuent  water,  totally  changes  the  colour  of  thefe  arfeniates,  and 
at  Iaft  completely  difcolours  them,  at  the  fame  time  that  it  ren¬ 
ders  tliofe  that  before  had  fome  feeble  tranfparency,  perfedtly 
opaque.  This  lofs  of  the  water  always  commences  at  the  ex¬ 
terior,  and  in  this  cafe  the  interior  part  preferves  all  its  tranf¬ 
parency  as  well  as  its  colour,  whilft  the  exterior  part  is  difeo- 
loured,  and  exhibits  by  the  fhrinking  of  its  furface,  fometimes 
to  a  very  confiderable  degree,  fenfible  marks  of  the  lofs  which 
it  has  fuftained  ;  the  water  amounting  to  about  one-fifth  of  its 
mafs  *. 

*  In  my  defeription  of  the  arfeniates  of  copper  quoted  above,  I 
have  Gonfidered  this  hematiform  arfeniate,  as  well  as  thofe  which  I 
have  deiignated  by  the  terms  of  indeterminate,  capillary,  and  ami- 
anthiform,  only  as  being  varieties  of  the  fpecies  in  the  acute  octa¬ 
hedral  form  :  the  copper  and  the  arfenical  acid  are  in  fadt  contained 
in  them  in  the  fame  preportions  j  hut  the  water,  which  adds  a  new 
conftituent  part  to  them,  and  which  did  not  exift  in  thofe  varieties 
of  this  third  fpecies,  which  are  in  perfectly  determined  cryftals, 
forms  with  them  a  real  hydrate  of  this  third  fpecies.  I  therefore 
think  that  it  would  he  proper  to  feparate  thefe  varieties,  in  order  to 
form  with  them  a  fifth  fpecies  perfectly  diftinCt  from  the  third.  The 
arfeniate  of  copper  is  one  of  the  mod  aftonifliing  productions  of 
the  mineral  kingdom,  by  the  immenlity  of  the  afpefts  under  which 
it  prefents  itlelf,  all  which,  neverthelels,  have  certainly  a  particular 
caufe,  which  1  am  very  far  from  pretending  to  have  afeertained. 
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In  the  fame  manner  it  is,  that,  in  the  blue  carbonate  of  copper,  Blue  carbonate 
which,  according  to  the  inve (ligations  of  Mr.  ProuP,  appears  °'  C0PPer» 
to  contain  a  confiderable  quantity  of  water,  far  fuperior  to  that 
which  exiffs  in  the  green  carbonate,  the  cryPals  feem  to  pafs, 
at  their  furface,  into  the  lfate  of  green  carbonate,  by  the  mere 
lot's  of  a  certain  portion  of  their  conpituent  water.  This  fpecies 
of  decompofition  is  fometimes  even  fo  confiderable  in  them,  . 
that  it  exiffs,  for  example,  amongp  the  fpecimens  in  large  and 
luperb  cry  Pals  which  come  from  Siberia,  cryPals,  of  which  the 
form  having  undergone  no  change,  belongs  to  the  blue  carbo¬ 
nate,  but  which  have  entirely  palled,  throughout  their  whole 
fubPance,  into  the  Pate  of  green  carbonate. 

I  am  fully  perfuaded,  that  when  water  is  once  confidered  Water  is  of  great 
and  admittted  as  a  conPituent  part  in  the  compoPtion  of  nu-  J^redient which 
merous  mineral  fubPances,  it  will  foon  be  acknowledged  to  modifies  the pro- 
contribute  greatly,  by  its  prefence  or  its  abfence,  to  the  differ-  PerCieS0*  bodl4-s* 
ence  which  fubfiffs  between  feveral  Pones  :  thus  I  am  Prongly 
inclined  to  believe  that  the  carbonate  of  lime  of  Pow  folution, 
the  hardnefs  and  fpecific  gravity  of  which  are  fo  much  fuperior 
to  the  fame  characters  in  the  ordinary  carbonate  of  lime,  differs 
from  this  latter  perhaps  qnly  by  a  difference  in  the  water  of 
compoPtion.  MoP  certainly  this  difference  cannot  proceed 
either  from  the  prefence  of  argil,  or  from  that  of  magnePa.  I 
know  fome  dolomies  which  certainly  do  not  contain  any  trace 
of  argil,  vvhilP,  at  the  fame  time,  I  know  carbonates  of  lime, 
which  are  highly  charged  with  magnePa,  and  which,  never- 
thelefs,  are  very  fpeedily  difiolved  in  the  acids :  Of  the  num¬ 
ber  of  thefe  latter  are,  for  example,  moP  of  the  calcareous 
Ipars  with  a  pearly  refleftion  and  greafy  afpe<51. 

I  am  much  inclined  alfo  to  think,  that  the  fpecies  of  Chalce- Cacholong  pro- 

dony,  named  cacholong,  may  owe  its  difference  from  the  com-  ^ly  owes  U3 
-  o ’  J  peculiar  proper- 

inon  chalcedony  only  to  the  circumffance,  that  the  latter  con-  ties  to  the  abs¬ 
tains  water  of  compoPtion  of  which  the  chacolong  is  deftitute; fcncc  water* 
and  that  the  tranPtion  of  the  chalcedony  into  this  Pate,  and 
fubfeq  uently  into  the  hydrophanes,  depends,  in  a  great  meafure, 
upon  the  lofs  of  this  water.  The  probability  of  this  opinion 
remains  to  be  fettled  by  future  obfervations. 
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Analyfis  of  Natural  and  Artificial  Anhydrous  Sulphate  of  Lime ,  by 
Rich.  Chenevix,  Efq.  F.R.S.  M.R.J.A.  Communi¬ 
cated  l>y  the  Author . 


Component  parts 
of  common  ful- 
phate  of  lime. 


Lime  clifTblvcd'm 
fnuriatic  ac  d 
and  fulphuric 
acid  added,  and 
the  whole  ex- 
pofed  to  violent 
ignition,  left  diy 
fulphate  of  lime 
containing  56,3 
lime,  and  43,6 
acid. 


Sulphate  of  ba¬ 
rytes  contains 
24  acid  in  the 
100  paits. 


The  proportion  of  the  elements  in  common  fulphate  of 
lime,  fuch  as  I  have  Rated  them  in  the  Tranfabtions  ot  the 
Royal  Iritli  Academy,  are  fomewhat  different  from  thole 
given  by  former  chemifts.  Monf.  Fourcroy,  in  his  “  SyJMme 
“  des  Connoiffances  Chimiques ,”  and  in  his  “  Synoptic  Tables, 
has  determined  them  in  the  following  order:  fulplniric  acid 
43,  lime  32,  water  22.  If  we  dedud  the  quantity  of  water, 
and  reduce  the  remainder  to  the  quintal,  we  (hall  have  the 
following  proportions:  fulphuric  acid  38,3,  lime  41,5.  As 
the  object  of  the  prefent  Paper  is  merely  the  Anhydrous  ful¬ 
phate,  1  (hall  not  take  further  notice  of  the  quantity  of  water 
that  may  be  contained  iu  common  fulphate  ot  lime,  whether 
natural  or  artificial. 

I  took  one  hundred  parts  of  lime,  prepared  with  the  great- 
eft  care,  and  dilfolved  them  in  muriatic  acid.  I  then  poured 
fulphuric  acid  into  the  folution,  and  heated  the  whole  in  a 
platina  crucible,  at  firft  gently,  but  afterwards  to  violent  ig¬ 
nition.  The  augmentation  of  weight  in  the  lime  and  the  cru¬ 
cible,  (which  had  been  weighed  before  the  operation)  amount¬ 
ed  to  78,3,  and  was  combined  fulphuric  acid.  This  experi¬ 
ment  therefore  indicates,  that  ftrongly  calcined  fulphate  of 
lime  is  compofed  of  lime  36,3,  and  43,6  of  fulphuric  acid. 

I  then  took  one  hundred  parts  of  calcined  fulphate  of  lime, 
and  decompofed  them  by  oxalic  acid,  to  render  them  more 
foluble,  and  then  dilfolved  them  in  muriatic  acid. 

I  precipitated  the  folution  by  muriate  of  barytes,  and  ob¬ 
tained  1S2  of  fulphate  of  barytes.  Hence  it  is  evident  that 
132  of  fulphate  of  barytes,  and  100  of  calcined  fulphate  of 
lime  contain  the  fame  quantity  of  fulphuric  acid  =  43,6  ; 
which  proportion  gives  24  as  the  quantity  of  fulphuric  acid, 
in  100  of  fulphate  of  barytes.  This  quantity  is  nearly  inter¬ 
mediate  between  that  given  by  Thenard,  and  that  which  I 
had  already  ftated.  By  this  experiment  I  eftablifhed  a  ftand- 
ard,  to  which  I  might  refer  every  kind  of  fulphate  of  lime. 
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It  is  evident  that  calcined  fulphate  of  lime,  or  artificial  an¬ 
hydrous  fulphate  of  lime,  contains  43,6'  of  fulphuric  acid.  It 
remains  to  prove  its  chemical  identity,  with  the  natural  an¬ 
hydrous  fulphate. 

I  took  one  hundred  parts  of  this  fubftance,  in  as  pure  a 
ftate  as  the  Count  de  Bournon  could  procure  it,  and  fubmit- 
ted  it  to  the  fame  experiments.  I  obtained  from  this  experi¬ 
ment  1S7  of  fulphate  of  barytes,  which  announces  44,88.  I 
fhall  never  expedt  more  uniform  refults  in  two  analyfes,  even 
of  the  fame  fubftance,  and  do  not  hefitate  to  pronounce,  that 
the  two  fulphates  are,  chemically  fpeaking,  one  and  the  fame 
thing. 

The  Abbd  Hauy  in  his  late  work  has  given  the  proportions 
in  anhydrous  fulphate  of  lime,  according  to  an  analyfis  of 
Monf.  Vauquelin.  This  excellent  chemift  found  its  elements 
to  be  nearly  in  the  inverfe  order  of  my  ftatemenl,  and  fuch  as 
Fourcroy  has  eftablifhed  them  for  the  artificial  fulphate,  de¬ 
ducing  the  water  of  cryftallization.  I  fhould  ftill  have  doubted 
the  accuracy  of  my  experiments,  if  I  had  not  difeovered  a 
caufe  that  may  explain  the  difference  which  exifts  between 
his  refults  and  mine. 

The  French  chemifts  have  mentioned  two  varieties  of  ful¬ 
phate  of  barytes,  one  of  which  contains  13  per  cent,  of  ful¬ 
phuric  acid,  and  the  other  33.  If  therefore  we  eftimate  the 
quantity  of  acid  contained  in  fulphate  of  lime,  by  the  fulphate 
of  barytes  containing  33,  and  not  by  that  containing  24  per 
cent,  we  fhall  have  a  much  greater  quantity  of  fulphuric  acid, 
as  a  conftituent  part  of  fulphate  of  lime. 

Among  the  fpecimens  which  the  Count  de  Bournon  gave 
me  for  trial,  there  were  fome  which  contained  muriate  of 
foda.  This  fait  was  eafily  extraCed  by  water  alone  ;  and  the 
proportion  of  it  differed  in  different  fpecimens.  Klaproth  had 
fome  fpecimens  in  which  he  found  carbonate  of  lime,  and 
even  ftlica.  But  as  I  have  examined  fome  in  which  I  can  po- 
fttively  aftert  that  there  was  neither  the  one  nor  the  other, 
Lhofe  fubftances  may  be  looked  upon  as  merely  accidental. 
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The  natural  an¬ 
hydrous  fulphate 
of  lime  was 
treated  like  the 
artificial,  and 
gave  44,88  acid. 


Vauquelin’s  ex¬ 
periments  gave 
much  more  acid  j 


mod  probably 
from  his  aflum- 
ing  a  higher 
proportion  of 
acid  in  the  ful¬ 
phate  of  barytes. 


Some  fpecimens 
of  the  anhy¬ 
drous  fulphate 
contained  muri¬ 
ate  of  foda  j 


but  it  was  acci¬ 
dental. 
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X. 


Abridgment  of  a  Memoir  of  Mr.  Proust  on  Tanin  and  its 

Species  * . 


Uncertainty  of 
the  procefs  of 
feparating  tanin 
by  muriate  of 
tin. 


The  procefs  which  Mr.  Prouft  has  given  for  feparating 
Tanin  by  muriate  of  tin  is  fubject  to  confiderable  uncertainty 
when  it  is  ufed,  as  an  Englifh  Chemift  has  lately  done  to  fix 
the  proportion  of  this  principle  in  vegetablejuices.  He  thinks, 
therefore,  that  it  may  be  of  utility  to  announce  thefe  caufes  of 
error,  in  order  that  philofophers,  who  are  engaged  in  this 
department  of  refearch,  may  place  lefs  confidence  in  it,  and 
turn  their  thoughts  to  fome  more  perfed  method.  To  thefe 
remarks  he  adds  an  account  of  certain  varieties  which  he 


thinks  he  has  perceived  in  the  genus  of  Tanin. 

When  the  oxide  l.  When  this  muriate  is  faturated  with  an  aftringent  juice, 
by  the  tanfn^the  ^  ^aPPens  that  the  muriatic  acid  takes  up  in  folution  a  portion 
muriatic  acid  of  the  tannate  of  tin,  fo  that  what  is  colleded  on  the  filter  re- 


inftead  of  being 
fet  at  liberty 
diflolves  part  of 
the  tannate. 


This  tannate 
may  be  thrown 
down  by  careful 
additionof  alkali. 


prefents,  in  truth,  only  a  part  of  the  tanin  principle  contained 
in  the  plant.  This  effect  is  fimilar  to  what  happens  in  the 
preparation  of  ink,  the  black  dye,  and  in  every  cafe  where  a 
dyeing  principle  can  deprive  an  acid  of  the  oxide  which  it 
held  in  folution.  The  affinity  oft  his  acid  not  being  capable 
of  remaining  inadive  exerts  itfelf  upon  the  coloured  oxide. 

When  fmall  dofes  of  alkali  are  added  to  the  liquor  the  re- 
hdue  of  the  tannate  may  be  made  to  precipitate  without  even 
touching  the  gallic  acid  if  it  be  prefent ;  and  if  this  point  be 
exceeded  it  may  foon  be  perceived  by  the  green  colour  which 


the  fluid  receives  from  contad  of  the  air.  In  that  cafe  a  few 


But  the  tannate  0f  acid  will  be  (ufficient  to  difpel  the  cloud  by  feizing 

charged  with  the  excels  of  alkali  and  fetting  the  gallic  acid  at  liberty.  Eul 

oxide  «f  too  as^  on  the  ojhej-  part,  it  is  neceffary  at  fir  ft  to  employ  an  ex- 
much  of  the  1  .  :  .  r  .  \  ,  r  . 

muriate  has  been  cc-ls  or  muriate  to  allure  the  precipitation  ot  the  whole  of  the 

ufeT  tanin,  there  is  danger  of  loading  the  tannate  w'itli  a  certain 

excefs  of  oxide  of  tin. 


The  muriate  2.  The  prefence  of  tanin  does  not  exclude  the  extractive 

t  raft  iv  e*  matte  r  Pr^ncT^e  *n  the  juice  of  a  plant,  andas  the  muriate  precipitates 

and perhapsother  this  laft  as  well  as  the  former,  the  extradive  principle  will 

principles  along  therefore  become  a  new  fource  of  miflake  in  the  eftimate  of 
with  the  tanin. 


*  From  the  Annales  de  Chernie  XLII.  89. 
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the  quantity  of  tanin.  It  may  a!fo  happenjhat  the  vegetable 
juices  may  contain  many  other  fubftances  capable  of  decom- 
pofing  the  muriate  either  directly  or  indirectly,  fo  that  this 
re-agent  can  never  be  depended  upon  with  confidence. 

There  are  befides  earthy  falts  in  thefe  juices  as  Vauquelin  When  earthy 

has  (hewn.  Some,  as  for  example  Sumac  contain  (ulphate  of  ^e^bie  thefe 

lime  in  abundance.  If  therefore  we  ufe  the  alkali  to  complete  will  let  fall  their 

the  reparation  of  the  tannate,  the  precipitate  will  alfo  be  bates  when  the 
r  r  r  alkali  is  added, 

charged  with  an  earthy  depofition. 

3.  On  reflecting  upon  the  means  of  avoiding  the  errors  caufed  If  the  pure  maxi- 
by  the  muriatic  acid,  Mr.  Prouft  tried  a  procefs  which  he  had  oxide  of  tin 
luccefsfully  ufed  to  feparate  the  colouring  principle  from  the  agitated  with 
gelatinous  mucilage  which  accompanies  it  in  cochineal.  It  ^an'm  a  com- 
confifts  in  heating,  or  even  Amply  agitating,  the  aflringent  piaceand. 


mu. 


juice  with  the  oxide  of  tin  prepared  by  nitric  acid,  and  kept  c.iiage,  ifprefent3 
under  water.  The  oxide  in  fa <51,  becomes  loaded  with  tanin  35  e 
in  a  few  days.  But  if  the  juice  of  a  plant  which  is  not  adrin-  but  this  procefs 
gent,  or  a  diluted  extraCl,  be  treated  in  the  fame  manner,  it  ^  Txtra^ive^ 
will  alfo  become  deprived  of  the  whole  of  its  extractive  matter  :  matter, 
and  the  gum  and  the  fait  will  remain  alone  in  the  fluid.  This 
method  cannot  therefore  lead  us  to  our  objeCt. 

4.  What  appears  moft  furprifing  to  this  chemid  in  the  pre-  Singular  event 

fent  experiment  is  the  dedru&ion  of  the  gallic  acid,  or  pro-  e 

bably  its  tranfition  into  a  date  in  which  it  cannot  perform  the  gallic  acid  is  de~ 
fun&ions  of  that  acid.  The  fluid  in  fa<5t  when  cleared  of  the  ftroyed* 
tannated  oxide  by  the  filter  has  no  longer  either  colour  or  tade, 

and  makes  not  the  flighted  impreflion  on  the  folutions  of  iron, 
nor  even  upon  turnfol.  When  examined  by  every  trial  the 
fluid  is  found  to  be  mere  water. 

5.  Sufpe<5ting,  neverthelefs,  that  this  acid  might  be  com-  When  the  tanate 
bined  with  the  oxide  of  tin,  he  pafled  the  tannate  of  the  lad  *mpofeVby 
deferihed  procefs  into  potafh.  The  produ<5l  was  a  coloured  potaft  no  gallic 
fluid,  in  which  he  found  no  fign  of  the  gallic  acid  :  for  it 

not  aflfume  by  expofure  to  the  air  that  green  diade  which  it  tanin. 
always  indicates  when  faturated  with  an  alkali.  He  pre-. 
cipitated  the  tanin  by  a  diluted  acid,  a  portion  remaining  in 
foliation,  as  happens  in  this  cafe  and  he  proceeded  to  examine 
that  w’hich  remained  upon  the  filter ;  but  he  foon  perceived 
that  it  had  alfo  advanced  towards  a  date  in  which,  as  wre  fhall 
diew,  he  found  infinitely  lefs  tanin  than  before. 

6  Boiling 
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The  tan  in  that  6.  Boiling  water  cannot  totally  dilTblve  it.  Its  folution  no 

notTotaliy^ >*u  ^on&er  Prec*pitales  glue;  it  has  neither  the  harfli  tarte  nor  the 

ble  in  boiling  odour  ot  tanin.  With  the  red  fulphate  of  iron  it  affords  only 

water;  neither  a  whitifh  grey  precipitate,  and  laflly  it  does  not  afford  a 
doesit precipitate  ...  '  c  .  .  .  .  .  ,  .  . 

glue,  nor  has  it  magma  with  the  muriate  or  tin  ;  it  is  precipitated  merely  in 

the  tafte  or  fmelj  the  manner  of  extracts,  to  the  taflc  of  which  it  in  fome  meafure 

It  refembles*ex-  aPProaches  though  it  does  not  poffefs  their  bitternefs.  Thefe 
trafts.  are  the  alterations  to  which  the  taning  principle  is  fubjedt 

when  combined  as  before  mentioned  with  tin  oxided  to  the 
maximum. 

It  was  fufpetted  7.  From  thefe  changes  he  fufpected  that  the  tin  might  have 

hadtake n "oxigen ^  portion  of  oxigen  which  conftitutes  the 
from  the  oxide ;  difference  between  the  oxide  at  the  maximum  and  the  oxide 

orTthe ' UtteTdid  at  as  happens  with  the  oxide  of  iron  in  ink, 

not  feem  toindi-  hermetically  clofed.  In  order  to  afeertain  this  he  diffolved  in 
cate  t*^s  k>fs.  muriatic  acid  the  oxide  what  had  been  deprived  of  tanin  by 
potafh  ;  but  he  difeovered  no  indication  of  that  kind.  The 
folution  produced  no  change  in  that  of  gold,  nor  in  corrofive 
fublimate.  It  was  at  the  maximum.  It  is  true  that  with  re- 
fpe6t  to  the  oxide  of  tin  at  the  minimum,  as  well  as  that  of 
iron,  wafliing  andjexpofing  to  the  air  fpeedily  bring  it  to  the 
maximum. 

Theory  of  this  Whether  by  oxidation  or  by  whatever  other  procefs,  the 

converfion  yet  tanin  principle  did  at  length  pals  to  the  flate  of  ordinary  ex¬ 
unknown.  .  °  1  J .  .  . 

tract.  Tanin  precipitates  glue,  but  extract  does  not;  this  is 

the  difference  between  them,  The  influence  of  fome  affinity, 

which  the  author  has  not  Efficiently  developed,  muft  have 

changed  its  radicals  in  their  primordial  arrangements  or  in 

their  proportions  ;  and  it  may  be  fuppofed  that  the  gallic  acid 

likewife  after  having  been  fubjected  to  thefe  changes  became 

affimilated  in  the  fame  hate  and  by  the  fame  caufes. 


Concerning  the  Varieties  of  Tanin. 

The  genus  tan'm  If  in  the  feries  of  immediate  principles  which  compofe  the 

compofed  ot  whole  of  vegetable  matter  we  confider  the  tanin  of  galls  as  a 
ipecies.  ©  ° 

genus,  becaufethis  in  fact  poffeffes  the  qualities  in  the  highefl 
degree,  it  is  eafv  to  form  a  notion  that  this  genus  may  have  its 
Ipecies,  and  may,  as  well  as  fugar,  gum,  llarch,  & c.  affe«5t 
different  modifications.  There  are  various  Ipecies  of  fugar, 
refin,  gum  Szc ,  and  there  may  be  alfo  various  fpecies  of 
tanin.  Mr.  Prouft  thinks  that  he  has  found  this  to  be  the 
cafe. 


Cacliou 
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Cachou ,  or  Terrajaponica. 

Cachou  -is  an  aftringent :  it  is  foluble  in  alcohol  and Quabt,es  of  the 

.  .  various  fpecies 

in  water.  It  precipitates  glue  abundantly  and  forms  with  itof  tanin, 

a  vinous  (q.)  magma  which  has  neither  the  confiftence  nor  Cachou  or  Terra 
1 .  _  ,  r  11  laponica. 

the  infolubihty  of  the  tannate  of  galls. 

It  reduces  muriate  of  gold,  it  precipitates  the  muriate  of 
tin  and  affords  a  violet  coloured  ink  with  red  fulphate  of  iron. 

It  is  a  tanin  fid  generis.  It  dyes  filk. 

Dragons  Blood. 

That  which  is  pure  and  comes  to  us  in  calebafhes  is  foluble  Dragon’s  Blood, 
both  in  water  and  in  alcohol ;  its  tafte  is  harfh  ;  it  dyes  filk  of 
a  bad  wine  colour.  It  abundantly  precipitates  glue,  the 
muriate  of  tin,  the  red  fulphate,  and  difoxides  gold ;  it  is  alfo 
a  fpecies  of  tanin. 

Sumach. 

The  tanin  which  this  fubftance  contains,  abundantly  pre-  Sumach* 
cipitates  glue,  and  affords  a  white  magma  without  confiftence. 

Tike  tanin  it  is  feparated  from  the  decodfion  of  fumach  by  the 
carbonate  of  potafh  ;  its  curdled  depofition  is  again  foluble 
in  hot  water  with  the  exception  of  a  lmall  quantity  of  chalk. 

Barites  and  the  oxalic  acid  demonffrate  the  exiftence  of 
abundance  of  lime  and  fulphuric  acid  ;  but  it  will  be  neceffary 
to  afeertain  by  experiments  on  the  green  fumach  whether 
fulphate  of  lime  be  one  of  its  principles,  or  an  adulteration. 

The  author  is  not  furprifed  at  finding  it,  fi nee  he  obtained  this 
fait  in  confiderable  quantity  from  the  juice  of  cabbage,  and  of 
folanum  lycoperficon,  which  is  cultivated  in  the  gardens 
under  the  name  of  lomates.  This  juice  alfo  contains  gallic 
acid  ;  it  becomes  green  in  the  air  when  faturated  with  potafh. 

It  reduces  gold,  decompofes  muriate  of  tin  and  the  red  ful¬ 
phate,  with  which  it  affords  a  thick  ink. 

• 

Yellow  Wood ,  or  Fuftic. 

It  contains  a  fpecies  of  tanin.  Like  tanin  it  precipitates  Yellow  wood  or 
the  folution  of  glue  ;  a  folution  of  fait  is  fufficient  to  precipi¬ 
tate  it.  It  is  foluble  in  water  and  in  alcohol.  It  reduces 
gold,  decompofes  muriate  of  tin  and  the  red  fulphate,  by 
means  of  which  it  dyes  filk  of  a  greyifh  yellow. 

Fujlct 
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Fujlet. 

It  is  a  pure  dyeing  extract  foluble  in  water  as  well  as  in  a]'? 
cohol.  It  contains  a  fmall  quantity  of  gallic  acid,  but  does 
not  change  the  folution  of  glue.  It  reduces  gold,  precipi¬ 
tates  the  metallic  falts,  and  has  no  gummy  portion. 

Grains  of  Avignon ,  or  French  Berries. 

Gr.  d'Avignon,  They  afford  a  dyeing  extract  of  the  fame  nature,  without 
or  French  ber-  ,  j  ,  ,  0 

gum  ortanin.  It  reduces  gold,  &c. 


nes. 


Brazil  wood. 


Reduction  of 
gold  is  no  exdu- 
five  character  of 
tanin. 


Concluding  ob- 
fervations. 


Tailing  matters 
require  to  be 
tried  by  abiual 
preparation  of 
leather. 

Sulphate  of  lime 
very  common  in 
vegetables. 


Brazil  Wood , 

.Affords  alfo  a  dyeing  extract  foluble  in  alcohol,  without 
tanin,  or  gum,  reducing  gold  and  precipitating  the  metallic 
falts. 

Mr.  Prouft  has  remarked,  that  the  redu6tion  of  gold  has 
ceafed  to  be  a  charableriftic  quality,  fince  he  obferved  the 
muriatic  folution  abandon  this  metal  to  all  the  tinging  fub- 
fiances,  fuch  as  anife,  cochineal,  gum  guttce,  gallic  acid, 
verjuice,  wine,  vinegar,  the  juice  of  all  fruits,  manna,  gum, 
and  fugar,  though  fomewhat  flovvly. 

The  author  concludes  by  obferving,  that  tanin  has  its  va¬ 
rieties  like  the  other  immediate  products;  that  the  property 
of  precipitating  glue  is  the  generic  indication,  by  which  they 
are  diflinguifhed  from  extracts,  which  do  not  alter  that  fub- 
fiance ;  and  laflly,  that  the  different  fpecies  of  tanin,  par¬ 
ticularly  thofe  which  have  been  difeovered  in  the  barks  of 
trees,  cannot  be  compared  together  as  to  their  force  and  their 
ufelui  qualities,  but  by  obfervations  upon  fkins  which  have 
been  fubmitted  to  their  aftion. 

Note.  Platter  muft  be  infinitely  common  in  vegetables. 
Mr.  Prouft  has  found  it  in  verjuice,  grapes,  apples,  goofe- 
berries,  &c. 
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Defc  ription  of  an  Apparatus  for  heating  Water  by  loafle  Steam. 

Invented  by  Mr.  Arthur  Woolf. 

The  following  apparatus  was  erected  at  the  extenfive  Engine  for  heat- 
brewery  of  Meftfs.  Meux  and  Co.  in  Auguft,  1800,  and  has  ^ 

been  in  ufe  ever  ftnee.  I  faw  it  work  a  few  weeks  ago,  and 
obferved  with  great  pleafure  the  facility  and  precifton  with 
which  it  operates,  and  I  have  great  fatisfaction  in  prefen  ting 
it  to  the  reader  as  a  very  judicious  and  ufeful  combination. 

Plate  IX.  A  reprefents  a  fteam  pipe  from  the  brewing  Particular  de- 
copper.  ‘  **1*- 

B  a  valve  with  its  weight. 

C  the  veflfel  in  which  the  fleam  is  condenfed. 

D  a  pipe  that  conveys  the  cold  water  from  a  refervoir.  * 

E  a  conical  valve  through  which  the  water  is  injected.  It 
connected  with  the  lever  F. 


is 


G  is  a  bended  pipe  to  prevent  any  of  the  fteam  from  efcap- 
ing  with  the  hot  water. 

H  a  fmall  receiver  from  which  the  hot  water  mav  be  con- 

«/ 

veyed  to  different  fituations  by  means  of  pipes  and  cocks. 

I  a  pipe  open  to  the  receiver  to  prevent  a  vacuum  in  cafe 
the  water  fhould  be  made  to  defeend  in  any- of  the  pipes. 

K  a  fmall  pipe  to  convey  the  fteam  into  the  regulator. 

L  the  regulator  which  is  compoled  of  three  cylinders,  the 
outfide  and  inlide  being  doled  together  at  bottom,  leaving 
a  cavity  between,  which  is  filled  with  water  ;  the  middle  or 
moving  cylinder  is  inverted  and  clofe  at  fop.  It  ferves  for  a 
pifton,  and  is  connected  to  the  lever  M,  on  which  is  a  Aiding 
weight  N,  by  which  the  quantity  and  heat  of  the  water  may 
be  varied  at  pleafure. 

O  is  a  valve  through  which  the  fteam  is  let  out  when  not 
ufed  for  heating  water. 

The  effect  of  this  engine  may  be  eafily  underftood.  The  Explanation  of j 
weight  of  the  inverted  hollow  piAon  L  preffesdown  the  valve  T.nnT  m 
E  by  means  of  the  levers,  and  this  preffure  may  be  regulated 
by  fixing  the  weight  N  nearer  or  farther  from  the  centre  of  the 
upper  lever.  When  the  fteam  through  A  has  acquired  a  cer¬ 
tain  degree  of  ftrength  in  the  veffel  C,  it  raifes  the  pifton  by 
its  adtion  through  K,  and  confequently  opens  the  valve  E. 

A  ftieet  of  water  immediately  dafties  Ihrongh,  as  reprefented 

3  in 
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Inconveniences 
and  danger  of 
the  common 
drawback  lock. 


in  the  figure,  and  by  condenfing  the  fleam,  fuflers  L  again  to 
defeend;  and,  after  a  vibration  or  two,  the  effect  of  the  fleam 
to  raite  the  piflon  and  of  the  injeftion  to  deprefs  it,  balance 
each  other,  fo  that  the  levers  remain  nearly  inotionlefs.  It  is 
evident  that  the  inje&ion  will  be  lefs,  the  fleam  flronger,  and 
the  water  which  pafles  off  through  G  hotter  the  nearer  the 
weight  M  is  to  the  centre  of  motion.  And  in  this  refpeft  the 
apparatus  is  fo  efTe£tual  that  the  water  may  be  heated  to  210 
degrees,  and  the  quantity  that  pafles  off  is  from  100  to  180 
barrels  per  hour,  according  to  the  temperature,  as  governed 
by  the  pofition  of  the  weight  M. 


XII. 

Defcription  of  an  improved  Drawback  Lock  for  Houfe  Doors.  By 
Mr.  Wm.  Bullock.  From  the  Tranfactions  of  the  Society 
of  dr ts,  who  adjudged  a  Bewurd  of  Fifteen  Guineas  to  the 
Inventor . 

Copy  of  a  Letter  to  the  Secretary  of  the  Society  Mr.  Charles 

Taylor. 


S  I  R, 

1  HAVE  herewith  fent,  for  the  infpection  of  the  Society,  an 
improved  Drawback  Lock  for  Houfe  Doors,  Szc.  which  im¬ 
provement  is  in  latching  the  door ;  for  it  is  well  known,  par¬ 
ticularly  in  damp  weather,  that  the  air  drawing  through  it, 
rufls  the  head  or  bevel  of  the  bolt,  by  which  means  it  requires 
great  force  to  (hut  the  door,  and  occafions  a  difagreeable  noife, 
betides  (baking  the  building. 

It  has  frequently  happened  that  the  houfe  has  been  expofed 
to  robbery  from  the  door  being  left  unlatched,  when  fuppofed 
to  be  fafl.  This  improvement  removes  all  thofe  inconveni¬ 
ences,  as  it  lets  the  bolt  (hoot  into  the  flaple  immediately 
when  the  door  clofes,  but  not  before  ;  and  the  reliever  works 
Co  very  eafy,  that  the  door  is  made  fafl  with  one  twenty- 
fourth  part  of  the  force  required  with  locks  upon  the  common 
con  fl  ruction. 


By 


IMPROVED  LOCK  FOR  HOUSE  DOORS."  205 

By  an  experiment  with  the  lock  fent  herewith,  it  will  be  Advantages  of 
proved  that  two  ounces  added  to  the  reliever,  wiil  fhoot  the  tJ^mprove'i 
lock  with  more  eafe  than  three  pounds  will  do,  applied  to  the 
bevel  bolt ;  and  if  the  lock  is  rutty,  the  advantage  will  be 
much  more  in  favour  of  the  new  method.  I  flatter  myfelf  it 
will  be  of  great  utility  to  the  public,  as  its  conftruftion  is  ttm- 
ple  and  cheap.  It  may  be  added  to  any  old  lock,  as  may  be 
feen  from  that  now  fent.  It  may  be  advantageoufly  applied 
to  French  windows  and  glafs  doors,  as  it  prevents  the  door 
from  being  drained,  or  the  glafs  broke,  by  the  force  applied 
to  (hut  them.  I  have  fixed  feveral  locks,  upon  this  new  prin¬ 
ciple,  which  anfwer  well;  and  if  the  invention  meets  with 
the  approbation  of  the  Society,  I  hope  to  be  rewarded  ac¬ 
cording  to  its  merit. 

I  remain,  with  refpect, 

SIR, 

Your  mofl  obedient  Servant, 

WILLIAM  BULLOCK. 

No.  6,  Portland  Street,  Soho ,  May  5,  1801, 

Plate  X.  Fig.  2.  A.  Is  the  new  iron  latch  here  affixed  to  Defcription 
an  old  common  drawback  houfe  lock. 

B.  An  iron  pin  at  one  end  of  the  latch,  on  which  pin  it  is 
moveable. 

C.  A  projecting  part  of  the  latch,  which,  when  the  com¬ 
mon  fpring  bolt  D  of  the  lock  is  drawn  back,  in  the  ufual 
manner,  is  forced  into  the  nick  on  its  higher  part  at  E,  by  the 
fpring  F,  underneath  the  latch. 

The  bolt  D  then  remains  within  the  lock,  until,  on  clofing 
the  door,  the  reliever  G  gently  prefles  on  the  lock  box,  fixed 
in  the  common  way  on  the  door  cheek ;  which  preffiure  draws 
the  proje6ting  part  C  out  of  the  nick  E,  and  permits  the  end 
of  the  bolt  D,  by  the  force  of  the  fpring  G,  to  Aide  into  the 
lock  box,  and  fatten  the  door. 
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Defcriptinn  of  an  improved  Mill  for  grinding  hard  Suhjlances , 

By  Mr.  Garnett  Terry.  From  the  Tranfadtions  of  the 

Society  of  Arts,  who  adjudged  the  Silver  Medal  to  the  Inventor. 

Description  °f  ]V1[r.  Terry,  vvhofe  refidence  is  No.  20,  City  Road,  Finf- 
am^improved  ^qUarGj  hag  conftru&ed  this  mill  on  a  large  fcale,  and 

there  is  alfo  a  model  depofited  in  the  Society’s  colle&ion. 

Plate  X.  Fig.  1.  A.  The  hopper,  or  receptacle  of  the 
articles  which  are  intended  to  be  ground. 

B.  A  fpiral  wire,  in  the  form  of  a  reverfed  cone,  to  regu¬ 
late  the  delivery  of  them. 

C.  An  inclined  iron  plate,  hung  upon  a  pin  on  its  higher 
end  :  the  lower  end  refts  on  the  grooved  axis  D,  and  agitates 
the  wire  B. 

D.  The  grooved  axis,  or  grinding  cylinder,  which  acts 
againft  the  channelled  iron  plate  E. 

F.  A  ferew  on  the  fide  of  the  mill,  by  means  of  which  the 
iron  plate  E  is  brought  nearer  to  or  removed  further  from  the 
axis  D,  according  as  the  article  is  wanted  finer  or  coarfer. 

G.  The  handle,  by  which  motion  is  given  to  the  axis. 

H.  The  tube  from  whence  the  articles,  when  ground,  arc 
received. 

* **  The  front  of  the  mill  is  taken  off,  in  order  to  fliow  its 
interior  conflrudtion. 
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Remarks  on  Dr.  Thomfpn’s  Theory  of  Combujtion.  By  C.  R. 

( Received  June  J  5,  J  802. ) 

General  remarks  The  fcientific  world  are  fo  highly  indebted  lo  Dr.  Thom- 
on  Dr.  Thom-  pon  por  many  original  communications;  and  for  the  very  per- 
fpicuous  manner  in  which  he  has  explained  many  of  the  phe¬ 
nomena  of  chemiflry,  that  every  thing  that  is  prefented  to  the 
world  under  the  fandtion  of  his  name,  is  intitled  to  much  con- 
fideration  :  if  in  fome  inftances  we  are  induced  to  hefitate  in 
the  yielding  of  our  alTent,  we  cannot  but  do  juftice  to  the  in¬ 
genuity  of  his  rcafonings,  and  at  the  fame  time  acknowledge 

the 


fon’s  theory, 
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the  very  luminous  manner  in  which  he  conveys  information, 
un  every  fubject  that  he  treats.  The  Paper  under  conddera- 
tion  is  particularly  an  indance  in  point,  and  if  we  cannot  go 
the  full  length  with  the  author,  we  mud  at  lead  acknowledge, 
that  in  the  chief,  his  didindions  are  accurate,  and  his  reafon- 
ing  jud.  Nothing  can  be  more  evident  than  the  difference 
which  in  numberlefs  indances  prevails,  between  the  ad  of 
oxigenation  in  bodies,  and  that  of  combudion,  inafmueh  as 
neither  the  phaenomena  attending  them,  nor  the  refults  ari* 
dng  therefrom,  are  the  fame.  The  French  chemids,  how¬ 
ever,  feem  to  have  been  mided,  in  their  confining  the  term 
combudion  to  the  act  of  oxigenation,  by  conddering,  that  all 
bodies  during  their  combudion  combine  with  oxigen,  without 
at  the  fame  time  recoiled ing,  that  this  latter  effed  may  be 
produced  without  any  of  the  phenomena  ufually  attendant  on 
combudion,  and  that  though  certainly  all  combudion  prefup- 
pofes  the  combination  of  oxigen  with  a  bafe,  yet  this  combi¬ 
nation  may,  and  repeatedly  is  ededed  where  no  combudion 
can  podibly  take  place. 

That  a  didindion  therefore  prevails  between  the  two  is  ob¬ 
vious,  and  the  Dodor  offers  us  a  theory,  which  he  condders 
as  fufficient  to  explain  the  different  phenomena  produced. — 

This  theory  it  is  the  purpofe  of  the  following  lines  to  diew 
however  ingenious,  aud  apparently  fatisfadory  it  may  appear 
to  be,  is  not  wholly  adequate  to  I  he  tafk  that  is  affigned  to  it. 

It  will  be  neceffary  very  fhortly  to  date  here  the  outline  of  the  Outline  of  the 
theory  under  confederation.  In  all  cafes  fays  Dr.  Thomfon  t|ieo1r7’1  T!?at 

i  J  /the  light  of 

when  heat  and  light  are  extricated  during  combudion,  it  will  combuftionis 

be  found,  that  the  light  is  furnifhed  by  the  combudible  or 

burning  body,  and  the  heat  by  the  decompofition  of  the  oxi- ancj  the  heat 

gen,  which  forms  a  component  part  of  the  fupporter,  and  the  0XIcen  of 

which  is  effential  to  the  combudion,  and  that  the  didindion  fuPi)0rters » 

that  prevails  between  the  two  proceffes  of  combudion,  and  of 

oxigenation,  arifes  from  the  difference  of  the  phenomena, 

which  accompany  the  adion  of  fupporters  and  produds  upon 

other  combudibles.  The  fupporters  convert  thefe  bodies  but  that  produfts 

into  produds,  and  combudion,  or  the  emidion  of  heat  and  r'°”v'  r.L  combuf“ 

light  at  the  fame  time  take  place  ;  whereas,  the  produds  con-  du&s  by  mere  ox- 

vert  combudibles  into  produds,  without  any  fuch  emidion.  lZen“Uon  without 

1  combu[hon» 
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Now  as  the  ultimate  change  produced  on  combuftibles  by 

both  thefe  fets  of  bodies  is  the  lame,  and  as  the  fubftance 

which  combines  with  the  combuftible  is  the  fame,  namely  oxi- 

gen,  it  is  evident,  that  the  oxigen  of  the  fupporlers  contains 

fomething,  which  the  oxigen  of  the  products  wants,”  and  this 

fomething  the  Doctor  fuppofes  to  be  caloric.  In  the  fame 

manner  the  combuftibles  and  products  refemble  each  other,  the 

chief  difference  between  them  confining,  in  the  phenomena 

which  accompany  their  combination  with  oxigen,  in  the  one 

cafe  fire  is  emitted,  and  in  the  other  not,”  Now  fays  the 

Dodor,  “  if  we  recoiled,  that  no  fubftance  but  acombuftible 

is  capable  of  reftoring  combuftion  to  the  bale  of  a  produd, 

and  that  at  the  time  of  its  doing  lo,  it  always  lofes  its  own 

combuftibility,  and  further,  that  the  bale  of  a  produd  does  not 

exhibit  the  phenomena  of  combuftion  even  when  it  combines 

with  oxigen,  we  cannot  avoid  concluding  that  all  combuftibles 

contain  an  ingredient,  which  they  lofe  when  converted  into 

produds,  and  that  this  lofs  contributes  to  the  fire,  which 

makes  its  appearance  during  the  converlion.”  This  ingre- 

Leading portions  dient  the  Dodor  fuppofes  to  be  light.  It  is  evident,  that  the 

tha^Iight^s  *w0  feeing  pofitions  of  this  theory  are,  I.  That  during  com- 

originally  an  in-  bullion,  all  combuftibles  emit  light,  which  previoufiy  formed 

gredient  ofc°m-  a  necefiary  ingredient  to  their  own  compofttion;  and  lecondly, 

and  hea/of  oxi-  That  the  heat  which  is  evolved  during  the  procefs  of  combuf- 

£en*  tion,  proceeds  from  the  oxigen  of  the  fupporter,  of  which  it 

Many  reafons  likevvife  originally  formed  an  eftential  ingredient. — That  the 

why  the  heat  fieat  gjven  ouf  during:  combuftion  comes  from  the  decompofi- 
muft  come  from  °  °  r 

the  oxigen  of  the  tion  ot  the  oxigen  of  the  lupporter,  there  are  many  reatons  lor 

fupporter.  concluding.  We  know  very  well  that  no  combuftion  will  take 

place  without  the  prefence  of  oxigen,  and  that  the  greater  the 

quantity  of  oxigen  abforbed  in  a  given  time,  the  greater  is 

always  the  heat  that  is  evolved.  Now  if  the  heat  be  not  fup- 

pofed  to  come  from  the  oxigen,  why  Ihould  the  degree  of  heat 

given  out,  be  always  proportional  to  the  quantity  of  oxigen 

that  is  abforbed,  and  upon  what  other  principle  can  we  fo 

fatisfadorily  explain  the  effedsthat  are  produced  by  the  Argand 

lamp.  Thefe  conliderations,  combined  with  the  argument 

drawn  from  the  maintenance  of  the  temperature  of  hot  blooded 

animals  by  the  decompofttion  of  air,  feem  fufficiently  to  efta- 

Di  faculties  as  to  blifti  the  truth  of  the  foregoing  pofttion.  There  are,  however, 

the  other  p.  h-  lnany  difficulties  that  prefs  againft  our  implicit  adoption  of  the 
tion,  that  the  J  1  ©  l  r 

H|ht  invariably  Other 
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other  part  of  this  theory,  viz.  that  the  light  emitted  during  proceeds  from 

combufiion  invariably  proceeds  from  the  burning  body,  and^^burni0& 

that  confequently  it  forms  no  part  of  the  fupporter.  It  of 

courfe  then  follows  from  this  theory,  that  light  is  no  effential 

part  in  the  compofition  of  oxigen  gas.  Let  us  however  fee 

whether  this  be  the  cafe.  Many  fadts  it  will  be  found  concur 

to  prove  that  the  contrary  is  the  truth.  If  nitric  acid  be  ex- 

pofed  to  the  light,  after  fome  time  we  find  that  it  changes 

colour,  it  becomes  yellow,  green,  and  then  red,  and  oxigen 

gas  is  difengaged,  the  nitric  at  the  fame  time  being  converted 

into  nitrous  acid.  Now  it  is  evident,  that  as  this  decompo- For  the  light 

fition  is  of  a  chemical  nature,  the  light  that  occafions  it*  ei-  which  decom- 

ther  combines  with  the  oxigen  to  form  oxigen  gas,  or  with  oxfmurVacid  is 

the  acid  to  form  nitrous  acid  :  as  we  find  no  diffimilarity  be-  concluded  to 

tween  the  nitrous  acid  procured  by  this  means,  or  that  by  any  w-lth  the  dlfen„ 

other,  we  are  necefiitated  to  conclude  that  the  light  has  com-  gaged  oxigen. 

bined  with  the  oxigen,  and  that  the  latter  by  the  fame  means 

is  converted  into  oxigen  gas.  Again,  it  is  well  known,  if 

oxigenated  muriatic  acid  be  expofed  to  the  rays  of  the  fun  in 

a  tranfparent  bottle,  there  is  difengaged  from  it  oxigen  gas  ; 

in  proportion  as  the  gas  is  feparated  the  acid  lofes  its  colour 

and  odour,  and  returns  to  the  fiate  of  fimple  muriatic  acid.- — 

Here  it  is  evident,  that  the  oxigen  has  palled  from  a  concrete 
into  a  galeous  fiate  from  the  combination  of  light,  and  we  mull 
therefore  conclude  that  light  is  a  component  part  of  oxigen 
gas. 

If  phofphorus  be  inferted  in  nitric  acid,  the  latter  is  de-  When  phofpho- 
compofed,  and  a  produdt  of  combufiion,  namely  phofphoric  Is  acidified  in 
acid  is  formed,  during  which  procefs  neither  heat  nor  light  what  becomes  of 

are  given  out.  This  procefs  Dr.  Thomfon  confiders  as  an 

c  *  a •  i  .  p  i/i*  i  /*/*i  combuftible  ? 

act  or  oxigenation,  and  not  ot  combuluon,  becauie,  lays  he, 

though  a  product  of  combufiion  is  formed,  a  new  fupporter, 
namely  nitrous  gas  is  evolved,  and  the  formation  of  a  combuf¬ 
tible,  or  new  fupporter,  confiitutes  one  of  the  charadterifiic 
differences  between  the  two  proceffes  of  combufiion  and  oxi- 
genation.  Now  it  is  faid,  that  in  all  cafes  of  oxigenation  a 
double  decompofition  takes  place,  the  oxigen  of  the  produdt 
combines  with  the  bafe  of  the  combufiible,  while  the  light  of 
the  combufiible  combines  with  the  bafe  of  the  product.  The 
quefiion  then  naturally  prefents  itfelf,— what  during  this  procefs 
becomes  of  the  light  which  made  a  component  part  of  the 
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phofphorus  previous  lo  its  convcrfion  into  a  product?  It  cart* 
not  combine  with  the  new  fupporter  that  is  evolved,  becaufe 
it  is  a  part  of  this  theory,  that  light  is  no  conltituent  part  oi 
fupporters,  but  only  of  combufiibles  ;  it  Ihould  therefore  have 
been  made  evident  to  the  fenfes,  which  we  do  not  ever  find 
to  be  the  cafe,  nor  is  any  beat  evolved  ;  this  latter  efied  is  no 
doubt  very  eafily  explained,  but  what  becomes  ol  the  light 
yet  remains  to  be  fhewn. 

Sulphurous  and  Sulphuric  acid,  lays  Dr.  Thomfon,  is  a  fubftance  which 
fulphuric acids.  prom  many  0f  its  properties  I  conclude  to  be  a  combuftible, 

and  not  a  produd.  This  conclulion,  however,  does  not  ap¬ 
pear  to  be  perfectly  conlifient  with  the  definition  the  Dodor 
has  given  of  combufiion,  for  when  lulphur  is  heated  in  the  air 
to  the  temperature  of  302  degrees,  it  gives  out  light  and  heat, 
and  is  converted  into  an  acid,  viz.  fulphurous  acid  :  this  ac¬ 
cording  to  the  theory  under  confideration  is  a  complete  ad  of 
combufiion,  and  therefore  only  a  produd  of  combufiion,  and 
not  a  combuftible  body  ought  to  be  formed.  Sulphurous  acid, 
according  to  La  Grange,  combines  (lowly  with  oxigen,  and 
is  converted  into  fulphuric  acid,  but  as  no  light  and  heat  are 
rendered  vifible,  ought  it  not  in  this  cafe  rather  to  be  confi- 
dered  as  an  ad  of  oxigenation  ;  for  if  light  and  heat  were 
evolved  in  this  procefs,  it  Ihould  appear  that  combufiibles  are 
capable  of  giving  out  a  part  only  of  their  light  in  fome  cafes, 
and  the  whole  in  others,  which  does  not  appear  very  proba¬ 
ble,  for  it  cannot  be  doubled  but  that  in  fulphurous  acid,  the 
oxigen  and  the  fulphur  mutually  faturate  each  other,  and  that 
fulphuric  acid  is  only  fulphurous  acid  combined  with  an  addi- 
Dccnmpofition  tional  dofe  of  oxigen.  Though  the  Dodor  apparently  recon- 
of  watet  by  Iron  cjies  the  decompolition  of  water  by  iron  or  zinc  with  his  the¬ 
ory,  it  yet  appears  to  be  attended  with  (ome  difficulties  which 
are  not  eufiiy  explained. — “  Waenever,  lays  he,  the  whole  of 
the  oxigen  is  abftraded  from  produds,  the  combuftibility  of 
their  bafe  is  reftored  as  completely  as  before  combufiion,  but 
no  fubfiar.ee  is  capable  of  abfirading  the  whole  of  the  oxigen 
from  fueh  produds,  except  a  combufiible,  or  partial  combuf¬ 
tible.  Water,  for  infiance,  is  a  produd  of  combufiion  whole 
bafe  is  hidrogen  ;  to  refiore  the  combufiibility  of  the  hidrogen, 
we  have  only  to  mix  water  with  iron  or  zinc  filings,  when 
the  metal  is  oxidated,  and  the  hidrogen  gas  is  evolved  as  com¬ 
bufiible  as  ever.”  Let  us  here  attend  to  the  phenomena 

which 
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which  fliould  take  place  according  to  the  Doctor’s  theory ; 

Water,  which  is  a  produdt  of  combuftion,  is  hidrogen  without  Numerical!/ 

its  light,  ill  union  with  oxigen,  without  its  heat  ;  by  adding  the^fanfitioVof 

iron  (a  conlbuftible  containing  light)  we  decompofe  the  water,  precifelv  ade- 

that  is  to  fay,  73  parts  of  iron  unite  with  27  of  oxigen.  Now  Ju^ce  portions  of 

as  to  every  27  parts  of  oxigen  in  water  there  are  about  four  buftible  to  com- 

of  hidrogen,  of  courfe  thefe  four  parts  of  hidrogen  are  libe-  fallible,  &c. 

rated  ;  but  as  it  does  not  appear  probable  that  combuftibles 

fliould  be  capable  of  combining  with  light  in  all  proportions, 

it  may  be  alked,  if  the  73  parts  of  iron  which  are  oxidated 

contain  juft  light  enough,  and  no  more,  to  reftore  the  com- 

buffibility  of  the  four  parts  of  hidrogen ;  for  if  there  be  too 

much  for  that  purpofe,  the  fuperabundant  quantity  ought  to 

become  vifible,  and  if  too  little,  a  part  only  of  the  hidrogen  . 

ftiould  recover  its  combuftibility,  and  be  converted  into  gas. 

And  the  fame  reafoning  may  of  courfe  be  urged  with  regard 
to  the  decompofition  of  water  by  zinc  :  for  it  cannot  but  be 
acknowledged,  that  the  fa<5t  is  fomewhat  iingular,  that  the 
product  of  combuftion  fliould  always  contain  and  give  out  the 
precife  quantity  of  light  which  is  fufficient  to  reftore  combuf- 
tibility  to  the  bafe  of  the  produft,  and  in  no  cafe  either  more 
or  lefs.  Thus  it  appears  that  there  are  many  difficulties  that  Conclufion. 
attend  our  implicit  affent  to  the  prefent  theory,  and  many  of 
the  phenomena  of  combuftion  that  do  not  apparently  admit 
from  it  of  an  eafy  interpretation.  Whether  Dr.  Thomfon  can 
reconcile  thefe  apparent  anomalies  to  it,  remains  to  be  feen  ; 
but  if  it  is  found  equal  to  their  folution,  there  could  then  it 
fhould  feem  be  little  objection  to  its  adoption.  At  all  events.  Dr.  T.  has 
no  one  will  be  inclined  to  difpute,  that  the  Doctor  has  thrown  great  ^ 
thrown  much  light  on  a  fubjeft,  which  before  its  inveftigation  fcwre  fubjeft» 
by  him,  was  confiderably  more  obfcure :  and  that  he  has 
placed  it  in  a  new  point  of  view,  which  bids  fair  to  enable  us 
to  approximate  much  nearer  to  a  true  theory  with  regard  to 
the  phenomena  of  combuftion,  than  any  other  that  has  hi¬ 
therto  prevailed, 

C.  P, 
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XV. 

On  certain  Points  of  Nomenclature.  By  a  Correfpondent » 

To  Mr.  NICHOLSON. 

S  I  R, 

On  the  ufe  ofy  jAlPPREHENDING  that  your  mode  of  writing  certain 
the^Greek  ^  newly  impofed  names  of  fubftances  in  chemiftry,  arifes  from 
•vowel  v.  inattention,  and  being  milled  by  the  French,  I  take  the  liberty 
of  a  friend  to  remind  you,  that,  in  Englifh,  it  is  not  ufual  to- 
write  the  vowel  i  for  the  v  of  the  Greeks,  buty;  hence,  in 
our  language,  we  do  not  write  ox/gen,  hydrogen,  ox?‘genifed, 
&c.  but  oxygen,  hydrogen,  oxygeniled,  &c.  :  you  write,  how- 
ever,  properly,  oxide  inftead  of oxyd,  as  tome  perfons  fpell  the 
word;  becaule  oxide  thews  the  etymology  in  ojjvt  and  e^o; 
better  than  oxide.  • 

Your’s  ever  faithfully, 

A.  B.  C. 


ANSWER. 

I  DO  not  profefs  to  have  dire&ed  much  attention  to  the  fub- 
je<5t  of  nomenclature ;  though  I  am  well  aware  of  its  impor¬ 
tance  to  the  acquifition,  as  well  as  the  communication  of 
knowledge.  It  is,  therefore,  with  confiderable  diffidence  that 
I  ftate  my  apprehenfion,  that  neither  ufage  in  a  language,  nor 
the  motive  of  precifely  indicating  the  derivation  of  a  term,  are 
very  cogent  arguments  for  adopting  any  particular  mode  of 
If  rupture,  if  other  motives  prefent  themfelves.  To  me  it  teem¬ 
ed  at  leatl  as  forcible  a  reafon  for  the  ufe  of  i  intlead  ofy,  in  the 
words  alluded  to,  that,  together  with  their  derivatives,  they 
are  fo  very  numerous,  as  to  make  it  defirable  to  accommodate 
them  to  the  general  ufage  of  the  modern  languages;  and  this 
appeared  to  be  promoted  by  following  the  change  propofed  by 
the  framers  of  the  chemical  nomenclature. 
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XVI. 

Duplicate  Copy  of  a  Letter  from  Baron  de  Zach  to  the  Right 
Honourable  Sir  Joseph  Banks,  Bart.  P.  R.  S.  Spc.  tranf~ 
mi t ted  to  Mr.  Edward  Troughton,  and  communicated 
by  the  Rev.  J.  Pearson  ;  on  the  neiv  Planets  Ceres  and  Pallas , 
with  the  Elements  of  the  Orbit  of  the  former. 

\ 

Seeberg  Obfervatory ,  near  Gotha ,  May  31,  1802. 
most  honoured  sir, 

HaVING  profecuted  Dr.  Olber’s  Pallas  from  April  4  till 
May  11,  in  the  meridian.  Dr.  Gaufs,  upon  this  fet  of  my  ob- 
fervations,  calculated  the  elements  of  an  eliptical  orbit  of  this  , 
very  remarkable  heavenly  body,  which  reprefent,  with  great 
accuracy,  all  the  Seeberg  obfervations. 

It  appears,  in  general,  by  thefe  calculations,  that  Pallas  is  a  Orbltof  Pallas 
planetary  heavenly  body,  that  moves  between  the  orbits  of  Mars  and 
Jupiter,  with  a  very  great  eccentricity  and  inclination,  and  whofe  linked  in  that  of 
orbit  comes  very  near  to  the  orbit  of  the  planet  Ceres,  perhaps  Ceres, 
touches  it,  perhaps  even  cuts  it,  like  two  links  of  a  chain,  this 
way  00,  which  cannot  yet  be  aderted  with  certainty,  the  ob- 
ferved  arc  run  over  by  this  planet  being  too  fmall.  Notwith¬ 
standing,  it  appears  already  that  the  didances  of  Pallas  and 
Ceres,  in  the  line  of  nodes  of  their  orbits,  is  very  nearly  equal. 

In  the  defeending  node,  the  didance  of  Pallas  from  the  Sun  is 
=  2,86,  and  the  fame  didance  of  Ceres  =  2,93.  In  the 
afeending  node,  thefe  didances  are  of  greater  inequality,  ^n-  Interefting  rc= 

other  very  remarkable  circumdance  is,  that  the  mean  motions  °.n 

J  imgularity  of  the 

ot  Pallas  and  Ceres  are  very  nearly,  perhaps  abfolutely  the  orbit  of  Pallas, 
fame ;  though  this  cannot  yet  be  aderted,  becaufe  the  error  of 
the  obfervations  of  both  planets  is  dill  too  great.  But  as  far  as 
yet  appears,  thefe  mean  motions  wdll  not  differ  very  much  ; 
and  in  this  cafe,  fmall  as  the  maffes  of  Ceres  and  Pallas  may  be, 
they  will  neverthelefs  exert  a  very  fendble  action  one  upon 
the  other,  and  therefore  give  occadon  to  very  curious  and  in- 
tereding  invedigations  in  the  mechanics  of  the  heavens.  The 
new  planet  Pallas  will  alfo  call  forth  the  utmod  exertion  of  our 
analytical  powers.  Hitherto  the  two  elements  of  a  planetary 
orbit,  viz.  the  eccentricity  and  the  inclination,  had  been  confi- 
dered  as  an  infinite  little  quantity,  and  fo  it  might  be,  as  thefe 
4  two 
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hvo  elements,  in  all  our  old  planets,  are  very  fmall,  fo  that  the 
higher  powers  of  them  could  be  negle&ed  without  danger,  in 
calculating  their  mutual  a<51ion,  as  they  produced  no  fenfible 
term  in  the  approximating  feries.  But  this  is  no  longer  the 
cafe  with  Pallas,  in  which  the  eccentricity  of  the  orbit  and 
the  inclination  are  fo  very  great. 


Elements  af 
Pallas, 


Elements  of  the  Orbit  of  the  Planet  Pallas ,  calculated  by 

Dr.  Gaujs. 


Epocha,  March  31,  at  noon,  in  Seeberg,  161°  12'.  43,"2 
Aphelium  -  -  ?  300  5  4,  0 

Node  -  -  -  172  34  35,  0 

Inclination  *<■  -  -  35  0  42,  0 

Mean  daily  heliocentric  and  tropical  motion  757  '  166 
Logarithm  of  half  the  greater  axis  -  0,4472636 

Eccentricity  -  0,2591096 

By  thefe  elements  the  whole  feries  of  my  obfervations  are 
reprefented. 

TABLE, 


Computed  and 
obferved  places. 


f  1802. 

R.A.  by  Calculation. 

e. 

Difterenc 

Decl.  by  Calculat. 

Difference. 

Apr.  4 

183° 

44' 

5,  7 

—  0,"9 

13° 

54' 

5,5  /'4 

+  3," 

’4 

51 

183 

34 

24,  6 

+  0,  9 

14 

13 

22, 

6 

—  0, 

3 

7 

183 

15 

39,  6 

+  1,  6 

14 

49 

1, 

n 

J 

—  0, 

/ 

8 

183 

6 

35,  4 

—  2,  4 

15 

6 

15, 

2 

+  -5, 

2 

15 

18 

182 

181 

10 

50 

17,  9 
29,  4 

+  1,  4 
—  1,  2 

16 

17 

54 

34 

35, 

27, 

7 

1 

+  4, 

9 

19 

181 

44 

30,  7 

-f-  5,  4 

17 

46 

51, 

9 

—  2, 

5 

24 

1S1 

19 

35,  8 

_  o  n 

18 

42 

27, 

q 

+  6,  1 

9 

< 

25 

181 

15 

38,  3 

18 

52 

18, 

26 

181 

12 

2,  0 

-+  0,  2 

19 

1 

44, 

9 

—  4, 

5 

27 

181 

8 

46,  6 

-f-  1,0 

19 

10 

46, 

3 

—  o, 

5 

29 

181 

3 

21,  2 

•+-  4,  6 

19 

27 

36, 

2 

—  7, 

o 

30 

181 

1 

11,  ^ 

-f  1,  5 

19 

35 

24, 

9 

—  8, 

6 

May  1 

180 

59 

22,  9 

+  0,4 

19 

42 

50, 

8 

+  10, 

0 

2 

180 

57 

56,  7 

-f  L  8 

19 

49 

53, 

2 

-f  1, 

6 

3 

180 

56 

52,  4 

—  3,  2 

19 

56 

32, 

9 

+  14, 

8 

5 

180 

55 

49,  6 

—  5,  0 

20 

8 

45, 

6 

+  6, 

9 

6 

180 

55 

51,  4 

9  7 

20 

14 

19, 

4 

7 

180 

56 

14,  9 

—  8,  9 

20 

19 

32, 

1 

—  3, 

2 

8 

180 

57 

0,  4 

—  9,  6 

20 

24 

23, 

/ 

+  3, 

6 

1  1 

I 

181 

1 

25,  5 

—  16,  2 

20 

36 

58, 

8 

—  14, 

4 

The  differences  applied  with  contrary  fign  to  the  calculated 
A.  R.  and  Declin.  wdl  give  the  obferved  A.  R.and  Decl. 

Pallas 
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Pallas  and  Ceres  are  now  too  near  to  the  fun,  and  the  twi-  Thefe  planet* 
light  permits  no  meridian  obfervations.  But  aftronomers  who  ,n  ti,c 

are  provided  with  equatorials  of  great  perfection,  as,  for.in- 
ftance,  thofe  of  Greenwich,  Oxford,  Richmond,  and  of  Sir 
George  Shuckburg,  will  be  able  to  follow  thefe  two  planets  a 
longer  time.  The  obfervation  of  Pallas  will  chiefly  be  oi  a 
very  great  value,  as  the  feries  of  meridian  obfervations  is  not 
for  above  five  weeks.  If  more  obfervations  are  not  procured, 
it  will  be  .with  fome  difficulty  we  fhall  find  Pallas  again  next 
year  ;  for  the  elements  of  an  orbit  calculated  upon  fo  frnall  an 
arc  as  l-\°,  may  give  an  error  of  feveral  degrees  in  January 
IS03.  You  will  do,  mod  honoured  Sir,  a  great  benefit  to 
fcience  in  general,  and  to  aftronomv  in  particular,  if  you  en¬ 
gage  the  Englifh  aftronomers,  who  have  fo  very  excellent  and 
fixed  equatorial  fedtors,  to  follow  Pallas  out  of  the  meridian  as 
far  as  they  can.  For  this  purpofc,  I  take  the  liberty  to  fend 
you  here  an  ephemeris  of  this  planet’s  motion,  calculated  by 
Air.  Gaufs,  which  will  enable  aftronomers  to  find  it,  and  pur- 
fue  their  obfervations. 


Ephemeris  of  the  Pofition  of  Pallas  for  Midnight ,  in  Seeberg  Ephemerl*  of 

Obfervatory. 


iS'oa. 

R.  Afcenf. 

- — — — 

Decliri. 

Alay  24 

181° 

57' 

2iQ  y  n. 

27 

182 

18 

21 

0 

30 

182 

41 

20 

57 

June  2 

133 

# 

20 

52 

.5 

183 

34 

20 

46 

8 

184 

5 

20 

38 

11 

184 

37 

20 

28 

14 

185 

12 

20 

17 

17 

185 

48 

20 

5 

20 

186 

27 

19 

52 

23 

187 

7 

19 

37 

26 

187 

49 

19 

22 

29 

188 

32 

19 

6 

I  am,  with  the  greateft  efteem  and  regard., 

MOST  HONOURED  SIP., 

Your  moft  humble  and 
obedient  fervant, 

FRANCIS  BARON  DE  ZACH. 

XVII.  Method 
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ON  STONY  AND  METALLINE  SUBSTANCES 


Additional  forcer 
to  a  common 
pump  producing 
a  conftant 
ftream. 


Defcription. 


Stony  and 
metalline  fub- 
fta-cer  have  un¬ 
doubtedly  fallen 
on  the  earth. 


XVII. 

Method  of  applying  a  temporary  Forcer  to  a  Pump ,  Jo  as  to  pro¬ 
duce  a  conjlant  Stream.  By  Mr.  Richard  Trevithick*. 
From  the  Author . 

This  contrivance  which,  on  feveral  occafions,  may  prove 
ufeful,  confifts  in  fixing  a  barrel  with  a  folid  pifton  alongfidc 
of  the  common  pump,  in  fuch  a  manner,  that  the  lower  fpace 
of  the  additional  barrel  may  communicate  with  the  fpace  be¬ 
tween  the  two  valves  of  the  pump,  and  Iaftly,  by  connefting 
the  rods  fo  that  they  may  work  together.  This  is  fhewn  in 
fig.  4,  plate  XI.  and  the  efte6t  is,  that  when  the  piftons  are 
raifed,  the  fpaces  beneath,  A  and  B,  become  filled  by  the 
preffure  of  the  atmofphere,  at  the  fame  time  that  the  upper 
column  flow  s  out  at  E.  But  again,  when  thepiftons  defeend, 
the  valve  C  fhuts,  and,  confequently,  the  water  driven  by  the 
pifton  in  B  muft  afeend  through  A,  and  continue  to  produce 
an  equal  difeharge  through  E  in  the  down  ftroke. 


XVIII. 

Experiments  and  Obfervaiions  on  certain  jlony  and  metalline 
Suhftances,  which  at  different  Times  are  Jaid  to  have  fallen 
on  the  Earth ;  alfo  on  various  Kinds  of  native  Iron.  By 
Edward  Howard,  Efq.  F .  B.  S.  From  the  Philofophical 
Tranfadions ,  1802. 


1  HE  concordance  of  a  variety  of  fafts  feems  to  render  it 
moft  indifputable,  that  certain  ftony  and  metalline  fubfiances 
have,  at  different  periods  fallen  on  the  earth.  Whence 
their  origin,  or  whence  they  came,  is  yet,  in  my  judgment, 
involved  in  complete  obfcurity. 

The  accounts  of  thefe  peculiar  Subftances,  in  the  early 
annals,  even  of  the  Royal  Society,  have  unfortunately  been 
blended  with  relations  which  we  now  confider  as  fabulous  ; 
and  the  more  ancient  hiftories  of  ftones  fallen  from  heaven. 


*  This  Gentleman’s  name  was,  by  mi  flake,  printed  Trevithack, 
in  Vol.  I.  161. 

from 
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from  Jupiter,  or  from  the  clouds,  have  evidently  confounded 

fuch  fubHances  with  what  have  been  termed  Ceraunia,  Why  thefe  fads 

B Ottilia,  Ombria,  Brontia ,  &ic.  names  altogether  unappro- 

priate  to  fubftances  fallen  on  our  globe.  Indeed  fome  miflead, 

and  others  are  inexpreilive. 

The  term  Ceraunia,  by  a  mifnomer,  deduced  from  its  (up- 
pofed  origin,  feems,  as  well  as  Boetilia  *,  to  have  been  an¬ 
ciently  ufed  to  denote  many  fpecies  of  Hones,  which  were 
polifhed  and  (haped  into  various  forms,  though  moHly  wedge¬ 
like  or  triangular,  fometimes  as  inftruments,  fometimes  as 
oracles,  and  fometimes  as  deities.  The  import  of  the  names, 

Ombria,  Brontia,  &c.  feems  fubjeft  to  the  fame  uncertainty. 

In  very  early  ages,  it  was  believed,  that  Hones  did  in 
reality,  fall,  as  it  wras  faid,  from  heaven,  or  from  the  gods; 
thefe,  either  from  ignorance,  or  perhaps  from  fuperftitious' 
views,  were  confounded  with  other  Hones,  which,  by  their 
compaCt'  aggregation,  were  better  calculated  to  be  fnaped 
into  different  inflruments,  and  to  which  it  was  convenient  to 
attach  a  fpecies  of  myHerious  veneration.  In  modern  days.  Thunderbolt, 
becaufe  explofion  and  report  have  generally  accompanied 
the  defcent  of  fuch  fubHances,  the  name  of  thunderbolt,  or 
thunderftone,  has  ignorantly  attached  itfelf  to  them  ;  and, 
becaufe  a  variety  of  fubftances  accidentally  present,  near 
buildings  and  trees  Hruck  with  lightening,  have,  with  the 
fame  ignorance,  been  collected  as  thunderbolts,  the  thunder¬ 
bolt  and  the  fallen  metalline  fubftance  have  been  ranked  in 
the  fame  clafs  of  abfurdity.  Certainly,  fince  the  phenomenar 
of  lightening  and  electricity  have  been  fo  well  identified, 
the  idea  of  a  thunderbolt  is  ridiculous.  But  the  exifience  of 
peculiar  fubHances  fallen  on  the  earth,  I  cannot  hefitate  to 
affert :  and  on  the  concordance  of  remote  and  authenticated 
faCts,  I  fhall  red  the  affertion. 

Mr.  King,  the  learned  author  of  Remarks  concerning  Slones  Ancient  author!- 
faid  to  have  fallen  from  the  Clouds,  in  thefe  Days  and  in  ancient 
Times,  has  adduced  quotations  of  the  greateH  antiquity,  de-  earth.  Kirg 
fcriptive  of  the  defcent  of  fallen  Hones  ;  and,  could  it  be  falconet.  See. 
thought  neceffary  to  add  antique  teftimonies  to  thofe  indanced 
by  fo  profound  an  antiquarian,  the  quotations  of  Mons.  Fal¬ 
conet,  in  his  papers  upon  Boetilia,  inferted  in  the  Iliftoire 
des  Infer iptio ns  et  Belles-Lettres  the  quotations  in  Zahn’s 


*  Mercati,  Metallotheca  Vaticana.  page  241.. 
f  Tom.  VI.  F.  519.  etTom.  XXW.  P.228. 
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M.  Southey  a 
ilone  wt. 
lo'hs  1796. 

Abbe  Bachclay 
1768. 


Specula  Phyfico-math emali ca  Jliftoriana  ;*  the  Fifica  Sotterraved 
of  Giacinto  Gemma;  the  works  of  Pliny,  and  others  might 
be  referred  (o. 

Dr.  Chaldni  on  Doctor  Chaldni,  in  his  Ohfervaiiom  on  the  Map  of  Iron 
the  Siberian  honjnund  jn  Siberia ,  and  r>u  other  Maffes  of  the  like  Kind,  as  well 

d£C»  *  * 

as  in  his  Ohfervatiom  on  Fire-balls  and  hard  Bodies  fallen  from 
the  Atmofphere,  has  collected  aim  oft  every  modern  inftance  of 
phenomena  of  this  nature. 

Mr.  South kv  relates  an  account,  juridically  authenticated, 
of  a  ftone  weighing  10  lb.  which  was  heard  to  fall  in  Portugal, 
Feb  19,  1796,  and  was  taken,  ft  ill  warm,  from  the  ground. f 
The  firft  of  thefe  peculiar  fubftances  with  which  chemiftry 
has  interfered,  was  the  ftone  prefented  by  the  Abbe  Bachelay 
to  the  Royal  French  Academy.  It  was  found  on  the  13th  of 
September,  1768,  yet  hot,  by  perfons  who  faw  it  fall.  It  is 
deferibed  as  follows  : 

“  La  fubftance  de  cette  pierre  eft  d’un  gris  cendre  pale  ; 
Iorfqu’on  en  regarde  le  grain  a  la  loupe,  on  apper^oit  que 
cette  pierre  eft  parfernee  d’une  infinite  de  petits  points  bril- 
lans  m^talliques,  d’un  jaune  pale  ;  fa  furface  extdrieure, 
celle  qui,  fuivant  M.  PAbbe  Bachclay,  n’etoit  point  en- 
gag^e  dans  la  terre,  dtoit  couverte  d’une  petite  couche  tres- 
mince  d’une  matiere  noire,  bourfouftlee  dans  des  endroits, 
et  qui  paroififoit  avoir  etd  fondue.  Cette  pierre,  frappee 
dans  l’interieur  avec  1’acier,  ne  donnoit  aucune  dtincelle  ; 
ft  on  frappoit,  an  contraire,  fur  la  petite  couche  exterieure, 
qui  paroiftoit  avoir  ete  attaquee  par  Ie  feu,  on  parvenoit 
a  en  tirer  quelques-unes.” 

The  fpecific  gravity  of  this  ftone  was  as  3535  to  1000. 

The  academicians  analyzed  the  ftone  and  found  it  to  con¬ 
tain. 

Sulphur  8  \ 

Iron  -  36 
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Analyzed. 


Verifiable  earth 


55 


100. 

*  Fol.  1696,  Vol.  I.  p.  385.  where  3  long  enumeration  of  ftones 
fallen  from  the  Iky  is  given. 

■f  Letters  written  during  a  fhort  refidence  in  Spain  and  Portugal, 

p.  239. 
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•  Of  their  mode  of  analyfis,  I  fhall  have  occailon  to  fpeak  Conjecture  that 
hereafter.  They  were  induced  to  conclude,  that  the  ftone,  j*  m'ght_havc 

J  ,  been  pyrites, 

p  re  fen  ted  to  the  Academy  by  the  Abbe  Bachelay,  did  not  ftruck  in  pre¬ 
own  its  origin  to  thunder  :  that  it  did  not  fall  from  heaven  jfrrenceby  l‘£kt* 
that  it  was  not  formed  by  mineral  fubftances  filled  by  light- nin^" 
ning  :  and  that  it  was  nothing  but  a  fpecies  of  pyrites,  without 
peculiarity,  except  as  to  the  hepatic  fmell  difengaged  from  it 
by  marine  acid  “  Que  cette  pierre,  qtii  peut-etre  etoit 
couverte  cPune  petite  couche  de  terre  on  de  gazon,  aura 
ete  frappee  par  la  foudre,  et  qu’elle  aura  etc  ainli  mife  en 
evidence:  la  chaleur  aura  ete  alfez  grande  pour  fondre  la 
fuperficie  de  la  partie  frappee,  mais  elle  n’aura  pas  eteaffez 
long-terns  continuee  pour  pouvoir  penetrer  dans  Pinterieure 
c’elt  cc  qui  fait  que  la  pierre  n’a  point  ete  decompofee. 

La  quantite  de  matieeres  metalliques  qiPelle  contenoit,  en  . 
oppolant  moins  de  reliltance  quhin  autre  corps  an  courant 
■  f  de  matiere  electrique,  aura  peut-etre  pu  contribuer  meme  a 
“  determiner  la  direction  de  la  foudre,” 

The  Memoir  is  however  concluded,  by  obferving  it  to  be 
fufficiently  lingular,  that  M,  Morand  le  Fils  had  prefented  a  Another  ftone 
fragment  of  a  ftone,  from  the  environs  of  Coutances,  alfo  ^romt'outances' 
laid  to  have  fallen  from  heaven,  which  only  differed  from  that 
.of  the  Abbe  Bachelay,  becaufe  it  did  not  exhale  the  hepatic 
fmell  with  fpirit  of  fait.  Yet  the  academicians  did  not  think 
any  conclufion  could  be  drawn  from  this  refemblance,  unlefs 
that  the  lightening  had  fallen  by  preference  on  pyritical 
matter.* 

Mons.  Barthold,  Profeffeur  a  BEcole  centrale  du  HauL  Barthold’s  ex* 

Rhin,  gave  I  believe  the  next,  and  laid,  f  analytical  account  ^one^ailed^  * 

of  whathealfo  denominates  Pierre  de  Tonnerre.  He  deferibesit  thunder  ftone 

thus :  “  La  made  de  pierre  connue  fous  le  nom  de  Pierre  de  wefShinS  two 

f  .  .  quintals.  . 

Tonnerre  d’Enfisheim,  pefant  environ  deux  quintaux,  ala 
forme  exterieure  arrondie,  prefque  ovale,  raboteufe,  d’un 
afpect  terne  et  terreux. 

“  Le  fond  de  la  pierre  eft  d'une  couleur  grife  bleuatre,  Delcnption. 
parfemde  de  crifiaux  de  pyrites.  Holes,  d’une  criftalifalion 
confufe,  en  quelques  endroitsdcailleules,  ramaties,  formant 

*  See  Journal  de  Phyfique,  Tom.  II.  p.  25 1 . 
f  A  veiy  interefling  detail  of  a  meteor,  and  of  (tones  fallen  in 
July  1790,  was  given  by  ProL  fieri  r  Baucjin,  in  the  Magazin fur 
das  Neuejfe  aus  der  Pkyftk,  by  PjofefTor  V oigt* 
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FraSure. 


Compofition. 


Sir  W.  Hamil¬ 
ton's  account  of 
/tones  that  fell 
during  a  thunder 
ftorm. 
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"  des  nceuds  et  des  petites  veines,  qui  le  parcourent  en  tout 
**  fens :  la  couleur  des  pyrites  eft  dor<* ;  le  poli  leur  donn6  un 
“  £clat  d’acier,  et,  exposes  a  ratmofphere,  elles  ternift'ent 
rf  et  bruniffent.  On  diftingue  de  plus,  a  Poeil  nud,  de  la  mine 
“  de  fer  grife,  dcailleufe,  non  fulfureufe,  attirable  a  l’aimant, 
*r  difloluble  dans  les  acids,  peu  oxidd,  ou  s’approchant  beau- 
“  coup  de  Pdtat  mdtallique. 

€t  La  cadure  eft  irrdguliere,  grenue,  d’un  grain  un  peu 
te  ferrd  :  dans  Tintdrieur  on  voit  de  tres  petites  fentes.  Elle  ne 
fait  pas  feu  au  briquet :  fa  contexture  eft  ft  lache  qu’elle  fe 
“  laiffe  entamer  au  couteau.  En  la  pilant,  elle  fe  rdduit  aflez 
€t  facilement  en  une  poudre  grife  bleuatre  d’une  odeur  terreufe. 
€t  Quelquefois  il  fe  trouve  de  petits  criftaux  de  mine  de  fer, 
“  qui  refiftent  plus  aux  coups  du  pilon.” 

The  fpecific  gravity  of  the  piece  in  Profeftor  Barthold’s 
polTeflion,  was  3233,  diftilled  water  being  taken  at  1000. 

The  analyfts  of  Mons.  Barthold,  of  which  I  (hall  alfo 
have  occafion  to  fpeak  hereafter,  gave  in  the  100. 
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From  the  external  chara&ers,  and  from  his  analyfts,  the 
Profeftor  conftders  the  ftone  of  Enftfheim  to  be  argillo-ferru- 
ginous ;  and  is  of  opinion  that  ignorance  and  fuperftition  have 
attributed  to  it  a  miraculous  exiftence,  at  variance  with  the 
firft  notions  of  natural  philofophy.* 

The  account  next  in  fucceflion  is  already  printed  in  the 
Tranfactions  of  the  Royal  Society  ;  but  cannot  be  omitted,  as 
it  immediately  relates  to  one  of  the  fubftanees  I  have  examin¬ 
ed.  I  allude  to  the  letter  received  by  Sir  William  Hamil¬ 
ton,  from  the  Earl  of  Briftol,  dated  from  Sienna,  July 
12th,  1794.  “  In  the  midft  of  a  moft  violent  thunder-ftorm, 

“  about  a  dozen  ftones,  of  various  weights  and  dimenfions, 
“  fell  at  the  feet  of  different  perfons,  men,  women,  and 
*(  children.  The  ftones  are  of  a  quality  not  found  in  any  part 

*  See  Journal  de  Phyfique,  Ventose,  An.  8,  p.  I69. 
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€t  of  the  Siennefe  territory  ;  they  fell  about  eighteen  hours 
f(  after  the  enormous  eruption  of  Mount  Vefuvius :  which 
tf  circumftance  leaves  a  choice  of  difficulties  in  the  folution 
“  of  this  extraordinary  phenomenon.  Either  thefe  hones 
(t  have  been  generated  in  this  igneous  mafs  of  clouds,  which 
“  produced  fuch  unufual  thunder  ;  or,  which  is  equally  incre- 
"  dible,  they  were  thrown  from  Vefuvius,  at  a  diftance  of  at 
•f  lead  250  miles;  judge  then  of  its  parabola.  The  philofo- 
“  phers  here  incline  to  the  firft  folution.  I  with  much,  Sir, 

“  to  know  your  fentiments.  My  firft  obje&ion  was  to  the 
“  fact  itfelf ;  but  of  this  there  are  fo  many  eye  witneftes,  it 
“  feems  impoftible  to  withftand  their  evidence.”  (Phil.  Trans, 
for  1795.  p.  103.)  Sir  William  Hamilton,  it  feems,  alfo 
received  a  piece  of  one  of  the  largeft  ftones,  which  weighed  Weight, 
upwards  of  five  pounds  ;  and  had  feen  another,  which  weighed  » 
about  one.  He  likewife  obferved,  that  the  outftde  of  every 
ftone  which  had  been  found,  and  had  been  afeertained  to  have 
fallen  from  the  clouds  near  Sienna,  was  evidently  frefhly 
vitrified,  and  was  black,  having  every  fign  of  having  palled 
through  an  extreme  heat ;  the  infide  was  of  a  light  grey 
colour,  mixed  with  black  fpots  and  fome  fhining  particles, 
which  the  learned  there  had  decided  to  be  pyrites. 

(To  be  continued.) 
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Dimenfions  and  Nature  of  the  New  Planets  Ceres  and  Pallas . 

By  Dr.  Herschel. 

Dr.  HERSCHEIPs  obfervations  on  the  two  lately  dif- 
covered  celeftial  bodies  were  read  before  the  Royal  Society, 

6th  of  May. 

Dr.  Herfchel  begins  with  ftating  the  refult  of  his  attempts  Obferyation  of 

&  °  1  the  diameters  of 

to  meafure  the  diameter  of  the  ftars  difeovered  by  Piazzi  and  Ceres  and  Pallas* 

Olbers.  He  employed  the  lucid  dilc  micrometer,  which  con- 

ftfts  of  an  illuminated  circle  viewed  with  one  eye,  while  the 

other  compares  with  it  the  magnified  image  formed  by  the  te- 

lefcope;  and  he  concludes,  that  the  apparent  diameter  of 

Ceres  was  22",  and  of  Pallas  171"  or  I  5",  at  the  diftance  of 

nearly  1.63-t,  and  1.187  from  the  earth  refpedtively,  whence 

the  apparent  diameters  at  the  diftance  of  the  earth  from  the 

fun  would  be  .35  "and  .2V  or  .16/x  refpedtively,  and  that  their 

real 
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Ceres  about  1 63 real  diameters  are  about  153  and  9.5  or  71  Itnglifh  miles, 
and  Pallas  95  or  There  *s  110  probability  that  either  of  thefc  liars  can  have  a 
11.  fatellite.  The  colour  of  Ceres  is  more  ruddy  than  that  of 

Pallas.  They  have  generally  more  or  let's  of  a  hazinels,  or 
coma,  but  fometimes,  when  the  air  is  deaf,  this  rrebulofity. 
fcarcely  exceeds  the  fcattered  light  furrounding  a  very  final! 
ftar.  From  a  view  of  all  thefe  circumftarrces,  Dr.  Herfchel 
proceeds  to  confider  the  nature  of  the  new  ftars.  He  thinks 
that  they  differ  from  the  general  character  of  planets,  in  their 
diminutive  dimeniions,  in  the  great  inclination  of  their  orbits, 
in  the  coma  furroundirlg  them,  and  in  the  mutual  proximity  of 
their  orbits;  that  they  differ  from  comets  in  the  want  of  ec- 
Attempt  to  con-  CCntricity,  and  of  a  confiderable  nebrflojfity.  Dr.  Herfchel 
clafs  o/celeftial  therefore,  withes  to  call  them  altcroids,  a  term  which  he  de¬ 
bodies.  fines  as  a  celeftial  body,  which  moves  round  the  fun  in  an 

orbit  either  little  or  confiderably  eccentric,  of  which  the  plane 
may  be  inclined  to  the  ecliptic  in  any  angle  whatever,  the 
motion  being  either  dired  or  retrograde,  and  the  body  being 
furrounded  or  not  by  a  confiderable  atmofphere  or  a  very  fmall 
coma.  This  definition  is  intended  to  include  fuch  other  bodies 
of  the  fame  kind  as.  Dr.  Herfchel  fuppofes,  will,  in  all  pro¬ 
bability,  be  hereafter  difeovered.  Some  additional  obferva- 
tions  fliovv,  that  the  apparent  comas  furrounding  Ceres  and 
Pallas,  fcarcely  exceed  thofe  which  are  cauted  by  aberration 
round  the  images  of  minute  fixed  ftars. 

J.  of  the  Royal  Injlitulion » 


Durability  of 
6 Ik  buried  in 
the  earth. 


Extract  of  a  Letter  from  the  Rev.  James  Wilfon ,  D.  D.  Minifter 

of  Falkirk. 

Falkirk,  Stirling/hire,  June  18 th,  1802. 

A  few  weeks  ago  the  fexton  of  this  parifti,  upon  opening 
a  grave  in  the  church  yard,  found  a  ribband  wrapped  about 
the  bone  of  an  arm,  which  upon  being  watlied  was  found  to 
be  entire,  and  to  have  fuffered  no  injury,  though  it  had  lain 
for  more  than  eight  years  in  the  earth;  and  had  been  in  con- 
tad  with  a  body  which  had  patfed  through  a  date  of  corrup¬ 
tion,  and  was  reduced  to  its  kindred  dulT  By  what  means 
did  the  tilk  refid  the  putrefadive  procefs  ?  it  is  not  a  compad 
fubdance  like  hair,  horn,  or  bone,  which  are  frequently  found 
in  graves  after  every  other  fubftance  is  completely  changed. 
As  filk  is  deprived  of  the  gummy  matter  by  the  ad  of  clean¬ 
ing  and  fcouring,  and  as  this  feems  to  be  the  chief  animal  Cub- 

(lane* 
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ftancN*  which  it  contains,  may  not  the  remaining  fibrous  part 
be  the  better  prepared  to  withftand  the  power  of  putrefaction  ? 
Accurate  experiments  tending  to  illufrrate  this  enquiry  might 
be  both  am u ling  and  inllructive. 


ACCOUNT  OF  BOOKS  OF  SCIENCE . 

Memoirs  of  the  Literary  and  Philofophical  Society  of  Manchefler , 
Pot.  V.  Part  II.  Octavo ,  700  Pages,  with  9  Plates.  Cadell 
and  Davies,  London,  1802. 

HIS  publication  of  the  refpeCtable  Society  of  Manchefler 
is  no  lefs  interefting  than  the  former  volumes  of  which  thefeien- 
tific  world  well  knows  the  value  ;  it  contains  the  following  me¬ 
moirs  : — l.  On  tragedy,  and  the  interefl  in  tragical  reprefenta- 
tions :  An  Eflay.  By  the  Rev.  George  Walker,  F.  R.  S. 
and  Profeffor  of  Theology  in  the  new  College,  Manchefler. — 

2.  Experiments  and  obfervations  to  determine  whether  the 
quantity  of  rain  and  dew  is  equal  to  the  quantity  of  water  car¬ 
ried  off  by  the  rivers  and  railed  by  evaporation ;  with  an  in¬ 
quiry  into  the  origin  of  fprings.  By  Mr.  John  Dalton. — 

3.  Experiments  and  obfervations  on  the  power  of  fluids  to 
conduct  heat;  with  reference  to  Count  Rumford's  feventh 
eflay  on  the  fame  fubject.  By  Mr.  John  Dalton. — 4.  Experi¬ 
ments  on  the  velocity  of  air  i {filing  out  of  a  veflel  in  different 
circ um fiances ;  with  the  defeription  of  an  inflrument  to  mea- 
fore  the  force  of  the  blafl  in  bellows,  & c.  Bv  Mr.  Banks, 
Lecturer  in  Natural  Philofbphy.  Communicated  by  Mr. 
Dalton. — b.  Eflay  on  the  beautiful  in  the  human  form  ;  and 
enquiry  whether  the  Grecian  flat ues  prefent  the  mofl  perfect 
beauty  of  form  that  we  at  prefent  have  any  acquaintance  with. 
Communicated  to  the  Society  from  a  Correfpondent,  through 
the  Rev.  George  Walker. — 6.  A  defence  of  learning  and  the 
arts,  againft  fome  charges  of  Rouffeau  :  In  two  eflays.  By 
the  Rev.  George  Walker,  F.  R.  S.— 7.  Obfervations  on  the 
nervous  fyftems  of  different  animals ;  on  original  defefls  in  the 
nervous  lyftem  of  the  human  fpecies,  and  their  influence  on 
fenfation  and  voluntary  motion.  By  John  Hill,  M.  D. — 
8.  Experiments  and  obfervations  on  the  heat  and  cold  pro¬ 
duced  by  the  mechanical  condenfation  and  rarefk&ion  of  air. 

fir 
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By  Mr.  John  Dalton. — 9.  Account  of  fome  antiques  lately 
found  in  the  river  Ribble.  By  Mr.  Thomas  Barritt. —  10.  Ex¬ 
perimental  effays  on  the  conftitution  of  mixed  gafes;  on  the 
force  of  fleam  or  vapour  from  water  and  other  liquids  in  differ¬ 
ent  temperatures,  both  in  a  torricellian  vacuum  and  in  air;  on 
evaporation;  and  on  the  expantion  of  gafes  by  heat.  By  Mr. 
John  Dalton. —  1 1 .  A  review  of  fome  experiments,  which  have 
been  fuppofed  to  difprove  the  materiality  of  heat.  By  Mr, 
William  Henry. — 12.  An  invefligation  of  the  method  where¬ 
by  men  judge,  by  the  ear,  of  the  pofition  of  fonorous  bodies 
relative  to  their  own  perfons.  By  Mr.  John  Gough.  Com¬ 
municated  by  Dr.  Holme.  13.  On  the  theory  of  compound 
founds.  By  Mr.  John  Gough.  Communicated  by  Dr.  Holme. 
— 14.  Meteorological  obferVations,  made  at  Manchefler.  By 
Mr.  John  Dalton. — Appendix,  I.  Explanation  of  a  Roman 
infcription,  found  in  Callle-field,  Manchefler.  By  Mr.  Thomas 
Barritt.  With  a  note  on  the  fame  fubjefl,  by  Dr.  Holme. — II. 
Note  to  Mr.  W.  Henry’s  paper  on  heat. 

THE  Rev.  Thomas  Falconer,  A.  M.  of  Badi,  propofes  to 
print  by  fubfeription,  the  Geography  of  Strabo,  in  feventeen 
books:  tranflated  from  the  Greek  text;  illuflrated  by  maps, 
coins,  inferiptions,  &c.  accompanied  with  the  notes  of  the 
older  editors,  and  of  the  later  ;  thofe  of  Thomas  Falconer,  Efq. 
of  Cheflcr,  the  Oxford  editor,  entire;  of  Siebenkees,  and 
Tzfchucke,  of  Germany  ;  and  thofe  of  the  tranflator. 

The  conditions  are — .  The  work  will  be  printed  in  a  hand- 
fome  manner,  with  foot  notes:  2.  It  will  be  contained  in  three 
volumes  quarto,  if  poffible :  3.  The  price  will  depend  upon 
the  Rate  of  paper  when  the  work  fhall  be  put  to  prefs ;  but  it  is 
hoped  that  four  guineas  will  be  the  largefl  eftimate  :  4.  Two 
guineas  to  be  paid  at  the  time  of  fubferibing,  for  which  a  re¬ 
ceipt  fhall  be  given,  and  the  remainder  when  half  the  work  is 
delivered  to  fubferibers  :  5.  The  work  will  not  be  fent  to  prefs 
till  three  hundred  copies  are  engaged,  and  only  five  hundred 
will  be  printed.  Subfcriptions  received  by  MefTrs.  Cruttwell, 
and  Bulk  Bath ;  Cooke,  Hanwell,  and  Parker,  Oxford ; 
Cadell  and  Davies,  London  ;  and  Manners  and  Millar,  Edin¬ 
burgh. 

ERRATA. 

In  Mr.  Chenevix’a  paper,  p.  114,  for  fulphurated.  read  every  where 
fulpburetted. 
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ARTICLE  I. 

On  Granite.  By  Mr.  Robert  Jameson.  Communicated  by 

the  Author. 

Sheriff  Brce ;  Leith,  July  10,  1802. 

The  primitive  rocks,  of  which  granite  is  the  oldefl,  were 
formed  during  that  period  which  Werner  terms  the  chaotic, 
when  the  earth  was  ftill  covered  to  a  great  height  with  water, 
and  before  organization  had  commenced.  Their  fh'uclure 
fhews  that  they  have  been  depolited  from  a  fiate  of  chemical 
folution  *,  and  the  diminithing  level  of  the  newer  ftrata,  that 

*  To  the  idea  of  all  fofli  1  fubftances  having  been  in  a  Hate  of 
chemical  folution  in  water,  it  has  been  obje£led,  that  many  of  them 
are  intirely  infoluble  in  water.  To  this,  without  adducing  any  of 
the  numerous  geological  proofs,  I  aufwer,  that  we  know  not  the 
original  Hate  of  the  different  earthy  and  metallic  fubftances  ;  the 
artificial  means  we  employ  to  procure  them,  may,  and  certainly  has 
altered  many  of  them  from  their  original  ftate.---J. 

It  may  alfo  be  remarked,  that  many  infoluble  compounds  are  de~ 
pofited  by  the  chemical  action  of  bodies  which  were  foluble  before 
they  met.  Our  earths  may  be  fuch  compounds. — N« 

Vol.  II. — August,  1802.  Q, 
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granite. 
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ON  GRANITE. 

the  \v4ter  has  tank  gradually  and  calmly.  They  ufually  oc¬ 
cupy  the  higher  parts  of  the  globe,  but  when  covered  with 
newer  drala  inay  form  (he  lowed.  The  rocks  which  Werner 
confiders  as  belonging  to  this  great  clafs  are,  granite,  gneifs, 
mica  Hate,  primitive  Hate,  porphyry,  and  fienite. 

^As  granite  is  in  many  refpects  one  of  the  mod  important  of 
thefe  formations,  I  (hall  here  detail  feveral  interefting  particu¬ 
lars  refpecting  it. 

Pliny,  and  the  older  writers,  deferibe  this  rock  under  dif¬ 
ferent  names ;  the  term  granite  appears  to  be  of  modern  date, 
as  Montfaucon  is  the  fird  writer  who  ufes  it.  This  will  not 
lurprize  us,  when  vve  confider,  that  it  was  not  until  the  re¬ 
vival  of  letters  when  the  remains  of  antiquity  began  to  be  flu- 
died,  that  the  different  rocks  received  particular  denomina¬ 
tions.  To  Werner  we  are  indebted  for  the  mofl  exaft  deferip- 
tion ;  before  his  time  it  was  confounded  with  fienite  and 
grunflone,  two  rocks  that  differ  both  in  their  oryclognoftical 
and  geognoftical  characters. 

Granite  is  an  aggregate,  granular,  primitive  rock,  which  is  com - 
pnfed  of  felfpar,  quartz,  and  mica . 

Felfpar  is  generally  the  prevailing,  and  mica  the  Icaft  con- 
fiderable  ingredient.  The  felfpar  has  a  confiderable  range  of 
colour;  the  principal  colours  are  white,  grey,  red,  and  fome- 
times,  though  rarely,  green  :  it  is  found  in  all  the  intermediate 
dates,  from  very  great  to  very  fine  grain.  The  quartz  and 
mica  are  generally  grev,  and  the  firfl  has  fometimes  a  black 
colour.  Several  foflils  occur  in  granite  betides  thofe  we  have 
jufl  mentioned  ;  thefe  are  fliorl  and  garnet :  fuch  varieties 
have  received  particular  names,  but  the  geognofl  views  them 
as  accidental,  and  does  not  take  particular  notice  of  them. 
The  topaz,  which  is  diflinguifhed  from  all  other  precious 
dones  (excepting  the  emerald  and  garnet)  by  its  occurrence 
in  primitive  mountains,  is  found  accompanied  with  apatite  in 
the  tin  beds  which  lie  in  granite  at  Ehrenfredersdorf. 

Its Jlructure  is  not  fubject  to  much  variety.  When  crydals 
of  felfpar  are  immerfed  in  a  bads  of  fine  grained  granite,  it 
conditutes  what  is  termed  porphyritic.  granite.  Of  this  there 
are  fine  examples  near  to  Carlfbad  in  Bohemia,  and  in  many 
places  in  the  north  of  Scotland.  It  fometimes  occurs  in  glo¬ 
bular 
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bular  (lifting  concretions  *,  and  thefe  are  again  compofed  of 
concentric  lamellar,  diflindt  concretions.  This  ftrudture  of 
granite  is  only  to  be  difcovered,  after  the  fofter  granite  has 
weathered  out ;  then  thefe  concretions  which  are  vaftly  harder, 
and  are  only  feparated  from  each  other  by  the  loofer  granite,’  ** 

make  their  appearance.  Upon  the  road  between  Drefden  and 
Bautzen  I  obferved  many  fine  examples  of  this  ftrudiure  of 
granite :  Mr.  Barraud,  in  his  interefting  defcription  of  the 
Cape  of  Good  Hope,  mentions  feveral  globular  diftindt  con¬ 
cretions  of  immenfe  fize.  In  Scotland  the  ifland  of  Arran  af¬ 
fords  inflances  of  this  kind  f . 

It  is  frequently  obferved  diflinctly  gratified  :  in  other  in-  Diftin&ly  ftra- 
ftances  owing  to  the  thicknefs  of  the  ftrata,  this  ftrudture  is*1^* 
difficultly  obfervable,  and  has  given  rife  to  the  opinion  that 
fuch  granite  is  not  ff ratified.  The  Riefengebirge,  which  fe- 
p.irate  Silefia  from  Bohemia,  are  for  150  miles  compofed  of 
granite,  difpofed  in  horizontal  ffrata.  Laff  fummer  I  exa¬ 
mined  thefe  mountains  along  with  a  confummate  mineralogift. 

Dr.  Mitchell,  and  we  convinced  ourfelves  of  the  truth  of  this 
obfervation.  I  have  obferved  fimilar  Gratification  in  Saxony 
and  Lufatia. 

It  is  an  interefling  fa£t  in  the  natural  hiftory  of  granite,  that  It  feldom  con- 
it  feldom  contains  extraneous  beds,  and  Werner  remarks,  that  P‘!1S  extraneous 

uCQ8« 

the  frequency  of  fuch  beds  increafes  with  the  newnefs  of  the 
formation  :  thus  gneifs  contains  fewer  beds  than  mica  flate, 
and  mica  flate  fewer  than  primitive  flate. 

Limeftone,  which  accompanies  all  the  newer  primitive  No  limeftone. 
formations,  is  intirely  wanting  in  granite. 

Metals  which  occur  in  Granite, 

This  rock  is  not  fo  rich  in  metals  and  their  ores,  as  the  pri-  Metals  which 
mitive  rocks  of  newer  formation.  It  contains,  however,  a  occur  in  granite; 
confiderable  variety,  and  fome  of  thefe  have  been  as  yet  only 
difcovered  in  granite.  Iron,  which  is  remarkable  on  accountjronr 
of  its  occurrence  in  every  period  of  the  eartlf*s  formation,  is 
found  interfperfed  in  the  oldeG  granite.  Red  iron  ore  occurs 

#  Thefe  globular  diftinfl  concretions  ufed  formerly  to  be  con- 
fidered  as  bowlded  ftones,  and  afforded  an  invaluable  opportunity 
for  the  framing  of  extravagant  hypothefis. 

•f  Mineralogy  of  the  Scottish  Ifles,  vol.i.  p.  42, 
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in  veins  in  granite,  alfo  the  brown  iron  ore,  but  this  is  far 

Molybdena  hi-  feldomer  than  the  red.  Mohbdcna  has  as  yet  only  occurred 
rherto  found  .  .  .  ,  .  '  _  "  .  .  n  .. 

only  in  granite.  1,1  gramte,  either  interfperfed,  or  in  veins  of  the  oldeft  forma¬ 
tion,  as  at  Schlackenwalde,  Geya,  and  Altenberg. 

Bifmuth,  cobalt,  Bifmuth,  cobalt,  blende,  galena,  and  feveral  ores  of  cop- 

blende,  galena,  .  .  r  ,  .  .  ,,  ,  . 

and  particularly  Per  have  been  found  in  granite.  Of  all  metals,  however,  tin 

tm*  is  the  one  mod  frequently  found  in  granite,  and  in  the  great 

mining  field  of  Cornwall,  it  is  ohferved,  that  copper  occurs 

frequently  in  primitive  Hate,  but  the  tin  in  granite. 

The  preceding  obfervations  refer  principally  to  the  old  gra¬ 
nite,  which,  as  far  as  our  experience  goes,  is  fhe  oldeft  of  all 
the  rock  formations.  Werner  has  difcovered  other  granite 
formations,  which  are  of  a  newer  date. 

More  modern  lft.  Upon  the  Schneekoppe,  the  moft  elevated  part  of  the 
alternating  with  Ri^kngebirge,  which  is  about  5000  feet  above  the  level  of 
the  fea,  granite  alternates  with  gneifs,  and  hence  Werner 
confiders  it  a  difiinti  formation  *. 

containing  flate.  2d.  At  Greifenftein  in  Upper  Saxony,  Werner  obferved 
granite  which  contained  pieces  of  flute  lying  over  ftrata  of  pri¬ 
mitive  flute,  hence  liejuftlv  reckons  it  to  be  a  diltinct  forma¬ 
tion,  which  is  new  er  than  either  of  the  preceding. 

Veins  of  granite  3d.  At  Auerfberg,  near  Eibenftock  in  Saxony,  and  at 
XZg'S*™  f'a^ten^crg  near  Johangeorgenllald,  Werner  difcovered  veins 
of  granite  travel  ling  lirata  of  mica  date  and  primitive  Hate, 
and  this  he  is  at  prefent  inclined  to  contider  a  new  formation. 
In  Scotland  granite  veins  are  very  common,  and  feveral  cir¬ 
cumstances  lead  me  to  believe,  that  thefe  and  the  Auerfberg 
are  the  fame  formation.  They  are  probably  both  connected 
Characters  of  with  the  Greifenftein  formation.  Werner  mentions  a  few  par¬ 
tly  newer gra-  jjcu]ars  which  he  confiders  as  charactcriftical  for  the  newer 
mtej  ulualiY 

low,  red,  fine  granite  formations. 

grained,  See.  j.  Granite,  which  occurs  in  low  fituations,  maybe  fuf- 
peeled  to  belong  to  the  Greifenftein  formation. 

2.  The  newer  granite  has  generally  a  deep  red  colour,  is 
more  frequently  fine  than  coarfe  grained,  contains  garnets,  and 
is  not  porphy  ritic. 


and  primitive 
flatc. 


*  I  was  fo  fortunate  as  to  have  the  opportunity  of  examining 
this  formation  in  company  with  Dr.  Mitchell.  We  obferved  the 
granite  alternations  three  times  with  the  gneifs. 

The 
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The  late  Dr.  II  niton  of  Edinburgh  has  given  us  a  very  cl  if-  Dr.  Hutton  con  - 
ferent  geological  view  of  granite  from  that  contained  in  the  differentl'y^ ,te 
preceding  pages.  In  my  outline  of  the  mineralogy  of  the 
SeottiRi  ifles,  I  endeavoured  to  flievv  the  fallacy  of  Dr  Hut¬ 
ton’s  opinions.  Profeffor  Playfair,  however,  in  his  illuftra- 
tions  of  the  Huttonian  theory  lately  publithed,  has  Rated  a 
number  of  facts,  which  he  con fiders  as  fully  confirming  Dr. 

Hutton’s  ideas  refpedting  granite.  I  therefore  take  this  op¬ 
portunity  to  Rate,  more  fully,  the  reafons  that  incline  me  to 
differ  intirely  from  thele  gentlemen. 

Profetfor  Playfair  is  of  opinion,  that  the  diftinciion  of  granite  Profefibr  Play. 

into  different  formations  is  hypothetical.  To  this  I  can  by  no  fair’s  °Pinion 

„  ,  t  r  ,  .  ,  that  the  preced- 

means  adent ;  on  the  contrary,  1  am  fully  convinced,  that  the  jng  diftin<ai 


ions 


g'ranite  formations  are  well  afcertained,  and  this  will  be  evi-  are  hypothetical, 
dent  from  the  following  obfervations :  it  is  a  poRtion,  the  The  order  of 
truth  of  which  is  acknowledged  by  every  geognoR,  that  of  date  in  granite  . 
two  feries  of  rocks,  the  neweR,  is  that  which  covers  the  a te ■  i V-oin ‘their 
other.  The  Oreifenftein  granite  formation  lies  over  the  primi- fxtuations. 
live  Rate,  and  is  confequently  newer  than  the  old  granite, 
gneifs,  mica  Rate,  and  primitive  Rate.  Torenderthis  intelli¬ 
gible  to  tliofe  unacquainted  with  the  Wernerian  geognofie,  I 
have  repre  fen  ted  this  formation  in  the  (ketch.  Fig.  1.  Plate 
XIII. 

From  this  Rcctch  it  is  plain,  that  after  the  depofilion  of  the 
old  granite,  gneifs,  mica  Rate,  and  primitive'Rate,  the  vvatey 
had  again  rifen,  and  depoRted  over  the  ends  of  thefe  Rrata, 
this  newer  granite  formation. 

Th q  fu; nit e  formation ,  which  has  been  often  confounded  with  sienite  form^- 
the  old  granite,  lies  over  the  four  older  primitive  formations, tI0n* 
and  has,  interpofed,  a  layer  of  breccia,  compofed  of  fragments 
of  thefe  rocks.  This  demonRrates,  as  we  have  already  re¬ 
marked,  that  the  water  muR  have  rifen  and  depoRted  firft  the 
fragments  of  the  older  Rrata,  (which  it  had  tore  off  in  its  ri- 
fing)  and  npon  this  the  fienite.  The  tketch  illuRrates  thefe 
appearances.  Fig.  2,  Plate  XIII. 

Thefe  fadts  and  explanations,  which  are  drawn  from  the 
Wernerian  geoRnofie,  I  Riall  now  contraR  with  tliofe  of  Dr. 

O  O  7 

Plutton,  and  Profeffor  Playfair. 

Profeffor  Playfair  remarks,  p.  309.  **  Veins  of  granite  are  Remarks  of 
alfo  frequent  in  Cornwall,  where  they  are  known  by  the  name  >r  Play- 
of  lot  left,  the  fame  name  which  is  applied  in  that  country  to0fgran*lle  j^un 

metallic  Cornwall. 
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metallic  veins.  The  granite  veins  frequently  interfe<ft  the  me¬ 
tallic,  and  are  remarkable  for  producing  fhifts  in  them,  and 
for  throwing  them  out  of  their  natural  diredtion.  The  mine¬ 
ral  veins,  particularly  thofe  that  yield  copper  and  tin,  run 
nearly  from  eaft  to  weft,  having  the  fame  dire&ion  with  the 
beds  of  the  rock  itfelf,  which  is  very  hard  fchiftus.  The  gra¬ 
nite  lodes,  as  alfo  thofe  of  porphyry,  called  elvan,  in  Corn¬ 
wall,  are  at  right  angles  nearly  to  the  former ;  and  it  is  re¬ 
marked  that  they  generally  heave  the  mineral  veins,  but  that 
the  mineral  veins  feldom  or  never  heave  the  crofs  veins.  In 
this  country,  therefore,  veins  of  granite  and  porphyry  are  pof- 
terior  in  formation  to  the  metallic  veins.  Thefe  veins  of  gra¬ 
nite  may  perhaps  be  connected  with  the  great  granitic  rnafs 
that  runs  longitudinally  through  Cornwall,  from  Dartmoor  to 
the  Land's  End.  This  much  is  certain,  that  their  directions 
in  general  are  fuch,  that  if  produced,  they  would  interfe£t  that 
IfiTuing like  roots  maft,  nearly  at  right  angles,"  Further,  at  p.  317.  he  re- 

chad’s  Mount  rnar^-%  “  The  laft  instance  I  have  to  mention  from  my  own 
into  the  fchiftus,  obfervation,  is  at  St.  Michael’s  Mount  in  Cornwall.  That 
mount  is  intirely  of  granite,  thru  ft  up  from  under  a  very  hard 
micaceous  fchiftus,  which  lurrounds  it  on  all  ftdes  ;  at  the  bafe 
of  it  a  great  number  of  veins  run  off  from  the  granite,  and 
fpread  themfelves  like  fo  many  roots  fixed  into  the  fchittus : 
they  are  feen  at  low  water.  In  the  fmaller  veins,  the  granite 
is  of  very  minute,  though  diftincl  parts ;  in  the  larger,  it  is 
more  highly  cryftallized,  and  is  undiftinguitliable  from  the 
mafs  of  the  hill."  I  agree  with  ProfelTor  Playfair,  in  believing 
that  the  Cornifh  veins  may  Hand  in  connexion  with  the  gra¬ 
nite  of  the  country,  but  fhould  this  be  proved,  the  Cornifh 
granite  mud  then  be  referred  to  the  Greifenftein  or  Sienite 
formation.  The  appearances  obferved  at  St.  Michael’s  Mount 
demonftrate,  that  it  belongs  to  one  of  the  formations  I  have 
juft  mentioned  ;  and  I  have  no  doubt  that  if  ProfelTor  Playfair 
had  examined  the  fituation  of  the  primitive  ftate,  with  re¬ 
gard  to  the  granite,  he  would  have  found  it  covered  by  the 
granite. 

Again  at  p.  316,  Mr.  Playfair  informs  us,  “  that  another 
feries  of  granite  veins  is  found  in  Galloway,  which  were  firft 
difcovered  by  Dr.  Hution,  and  his  friend  Mr.  Clerk,  and  af¬ 
terwards  more  fully  explored  by  Sir  James  Hall  and  Mr. 
Douglas,  the  prefent  Earl  of  Selkirk.  The  two  laft  traced 

2  the 


referab’e  to  the 
Sienite  forma¬ 
tion. 


Other  granite 
veins  in  Gallo¬ 
way, 
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(lie  line  of  reparation  between  a  mafs  of  granite  and  the  fchif- 

tus  incumbent  upon  it,  all  around  a  tract  of  country,  about 

eleven  miles  by  (even,  extending  from  the  banks  of  Loch  Ken 

we  ft  ward  ;  and  in  all  this  tract  they  found,  “  that  wherever 

the  junction  of  the  granite  with  the  fchiftus  was  vilible,  veins 

of  the  former,  from  fifty  yards  to  the  tenth  of  an  inch  in  width, 

were  to  be  leen  running  into  the  latter,  and  pervading  it  in  all 

dire6tions,  fo  as  to  put  it  beyond  all  doubt,  that  the  granite  which  Mr.  r Jay- 

of  thefe  veins,  and  confequently  of  the  great  body  itfelf,  which  £air  t'cflnckKjcs  VJ 

1  J  ©  J  have  flowed  in  a 

was  obferved  to  form  with  the  veins  one  uninterrupted  mafs,  f0fc  ftate  to  their 

muft  have  flowed  in  a  (oft  and  liquid  ftate  into  its  prefent  po-  pyefentfitua- 
fition*.  I  have  only  further  to  add,  that  tome  of  thefe  veins 
are  remarkable  for  containing  granite,  not  fenfibly  different, 
in  any  relpeft,  from  the  mafs  from  which  they  proceed,”  The  The  author  ob- 
Criffle  in  Galloway,  which  is  one  of  the  mod  confiderable  por-  Served  theCnffic 
tions  or  what  Dr.  Hutton  eonfiders  as  the  granite  or  that 
country,  I  found  to  be  fienite,  confequently  it  has  no  relation 
to  the  old  granite  formation.  Profeffbr  Playfair,  who  exa¬ 
mined  the  appearances  at  Loch  Ken,  believes  with  Dr. 

Hutton,  that  fienite  and  granite,  in  a  geognofiic  point  of  view, 

are  to  be  confidered  as  the  fame  f .  From  this  I  draw  the  and  infers  that 

conclufion,  that  at  Lock  Ken  we  have  a  portion  of  the  fame  t5?e  other  gra 

’  '  *  nites  ere  a  por- 

fienite  as  that  which  forms  the  Criffie.  tion  of  the  fame. 

It  appears  then  evident,  that  wherever  granite,  in  the  form  The  fame  infe- 
of  veins  is  to  be  obferved  iffiiing  from  granite  into  the  con-  Seneral-y 
tiguous  ftrata  of  gneifs,  mica  fiate,  & c.  it  muff  belong  to 
a  newer  formation,  and  probably  to  that  of  Greifenftein. 

Many  of  the  inftances  where  fiich  appearances  have  been  ob- 
ferved,  certainly  belong  to  the  fienite  formation. 


It  is  therefore  demonftrated,  that  Granite  is  the  oldqjl  Rock  zuitk  and  that  granite 

zvhich  ive  are  acquainted ,  u  the 


IS 
rocks. 


Before  I  conclude  thefe  remarks,  I  (hall  notice  two  objec¬ 
tions  which  have  been  urged  agaioft  the  poffibility  of  granite 
veins  having  been  filled  from  above.  Mr.  Playfair  obferves  at 
page  313,  “  that  a  firong  objection  to  the  fuppofed  origin  of  To  PrnfefTor 
granitic  veins  from  infiltration,  and  indeed  to  their  formation  ^iayUir’sremark 
in  any  way  but  by  igneous  fufion,  arifes  from  the  number  of  Qf  fchiftus  could 

be  infulated  in 


*  Tranfaftions  of  the  Royal  Society  of  Edinburgh,  vol.  iii.  p.8. 
f  Illullration  of  the  Huttonian  Theory,  p.  312. 


granite  veins 
only  by  igneous 

fufion  j 


fragments 
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to  the  granitic 
veins  or  nume¬ 
rous  mafTes  in 
fchiftus  in  the 
i/lc  of  Arran  j 


fragments  of  fchiftus,  often  contained,  and  completely  infu- 
lated  in  thele  veins.  How  thefe  fragments  were  introduced 
into  the  fiftures  of  the  fchiftus,  and  futlained  till  they  were 
furrounded  by  the  matter  depolited  by  water,  is  very  hard  to 
be  conceived  ;  but  if  they  were  carried  in  by  the  melted  gra¬ 
nite,  nothing  is  more  eaiily  underftood.”  To  this  objection, 
it  is  anfwered,  it  is  only  neceffary  to  anfwer,  that  the  apparent  infulation  of 
in  tula  ted  ^  ^  mallcs  of '  ftone  in  veins,  is  occafioned  by  our  only  feeing  part 
of  the  mafs ;  for  when  the  whole  is  feen,  we  invariably  find, 
that  it  lefts  upon  another  fragment,  or  upon  the  fides  of  the 
veins.  At  p.  31  !-,  when  deferibing  the  junction  of  the  granite 
witli  the  other  primitive  flrata  in  tlie  illaiul  of  Arran,  Profeffor 
And  with  regard  Fla)  fair  remarks,  f<  Along  this  line,  particularly  on  the  fouth, 
wherever  the  rock  is  laid  bare,  and  cut  into  by  the  torrents, 
innumerable  veins  of  granite  are  to  be  feen  entering  into  the 
fchiftus,  growing  narrower  as  they  advance  into  it  ;  and  being 
diredted  in  very  many  cafes,  from  below  upwards,  they  are 
precifely  of  the  kind  w  hich  the  infiltration  of  water  could  not 
produce,  even  were  that  fluid  capable  of  dilfolving  the  fub- 
ftances  which  the  vein  confifts  of,  From  the  fouth  fqce  of 
this  mountain,  and  from  the  bed  qf  a  torrent  which  interfedls 
it  very  deeply.  Dr.  Hutton  brought  a  block  of  Ichiflus,  of  le- 
veral  hundred  weight,  curioully  penetrated  by  granite  veins, 
including  in  them  many  infulatecl  fragments  of  the  fchiftus.” 

In  the  ifland  of  Arran  I  have  had  frequent  opportunities  of 
examining  thefe  kind  of  veins  ;  they  are  generally  found  in 
and  have  other  gneifs,  are  very  much  incorporated  Avith  it,  and  often  both 

figns  of  being  extremes  of  the  vein  are  to  be  obferved  in  the  fame  bed. 
nearly  coeval  ....  .  .  r 

with  the  gneifs.  From  this  it  is  evident  that  thefe  cannot  be  confidered  as  gra¬ 
nite  veins,  fince  they  are  nearly  of  coeval  formation  with  the 
gneifs,  and  have  no  communication  with  any  formation,  older 
or  newer  than  that  in  which  they  occur  *.  Werner  remarks, 
that  veins  which  are  nearly  coeval  with  the  vein  rock,  are 


it  is  remarked 
that  they  are 
often  infulated. 


*  Although  we'  find  in  gneifs  veins  filled,  and  layers  compofed 
of  a  rock  which,  ory<Stognoflically  confidered,  has  every  character  of 
granite,  yet  the  geognoll  jultly  views  them  as  varieties  cf  gneifs. 
It  often  happens  in  a  mountain  of  gneifs,  that  flrata  occur  which 
are  not  to  be  diftinguifhed  from  mica  Hate ;  thefe,  however,  are 
merely  accidental,  and  the  whole  is  therefore  to  be  referred  to 
gneifs.  This  admirable  mode  of  invelligation,  which  was  firfl  dif- 
covercd  by  Werner,  has  been  of  the  greateft  utility  in  geognofia. 

very 
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very  much  incorporated  with  it,  have  no  falband,  far  lefs 
an  interpofed  layer  of  clay,  (bedcg)  and  the  vein  mafs 
differs  very  little  from  the  vein  rock.  On  the  contrary,  the 
Hewer  the  veins,  the  fewer  are  the  points  of  their  agreement, 
io  that  at  lait  there  is  not  the  lead  refemblance.  Thete  old 
veins  he  fuppoles  to  have  been  immediately  filled  out  of  (he 
fame  folution  from  which  the  rock  had  been  precipitated  :  the 
contents  at  lead  of  this  fluid  had  not  undergone  any  conlide- 
rable  change. 

R.  JAMESON. 


II. 

Observations  on  the  Converjion  of  Iron  into  Steel.  In  a  Letter 
from  Joseph  Priestley,  L.L.D.  F.R.S.  S?c.  fyc. 


To  Mr.  NICHOLSON. 


SIR, 


Northumberland ,  America,  May  22,  1802. 

iL  OUR  giving  the  following  article  a  place  in  your  valuable 
Journal,  will  oblige  YouUs,  & c. 

J.  PRIESTLEY. 


ACCORDING  to  the  antiphlogidic  theory  iron  becomes  Antiphloghtfe 

fteel  by  imbibing  carbon;  to  this  is  faid  to  be  owing  the  addi- theofv  0*  ^eel~ 

J °  °  making. 

lion  to  its  weight  in  the  procefs  of  cementation  ;  and  the  flakes 
of  black  matter  which  remain  undiflblved  after  a  folution  of 
fteel  in  diluted  acid  of  vitriol  are  faid  to  b e  plumbago,  or  carbon 
united  to  iron. 

I  cannot,  however,  help  concluding  from  fome  late  expe-  Obje&ion  from 

rpents,  that  iron  is  converted  into  Heel  by  imbibing  only  phlo-  iat*i  e,xpenEient5 

gidon  from  the  charcoal,  and  that  the  addition  to  its  weight  is  theory. 

not  front  carbon,  but  from  finery  cinder. 

Having  made  a  quantity  of  iron  filings  perfectly  pure,  by  120  gr.  of  iron 

drft  expelling  from  them  all  the  air  that  they  could  be  made  *V'"8S  clearecl  ot 
.  ...  .  .  air  by  heat  and 

to  yield  by  heat,  then  warning  out  of  them  any  carbonaceous.wa{hed  were 

matter  they  might  contain,  and  expodng  them  again  to  heat,  heated  inir‘- 
T  .  ,  .  r ..  .  ,  .,  .  .  flammable  air. 

I  took  120  grains  or  them,  and  heating  them  with  a  burning 

lens  in  inflammable  air,  found  that  they  imbibed  IS  ounce 

meafures 


« 


Theft  left  in 
vitriolic  acid  a 
black  matter  as 
fteel  does. 


Its  habitudes 
were  thofe  of 
finery  cinder. 

The  black  mat¬ 
ter  from  pure 
fteel  was  affect¬ 
ed  in  the  fame 
manner. 
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which  they  im-  meafures  ofit.  In  confequence  of  this,  from  being  of  a  dark 
bibed  and  be-  colour,  they  became  exceeclino.lv  bright ;  and  I  concluded 

came  bright.  4  .  J  ,  *  ,  ,  ,  T  ,  ,  . 

that  they  were  now  become  fteel,  though  I  was  not  able  to 
afeertain  it  by  a  dire<5t  experiment.  But  after  d idol ving  thofe 
bright  filings  in  diluted  vitriolic  acid,  a  quantity  of  black  mat¬ 
ter,  as  after  the  folution  of  fteel,  remained  unaffe&cd  by  it. 
This  being  heated  in  inflammable  air  imbibed  a  conftderable 
quantity  of  it,  and  then,  by  means  of  diluted  vitriolic  acid, 
gave  inflammable  air  very  copioufly.  This  black  matter  had 
evidently  the  properties  of  finery  cinder. 

I  then  diflolved  200  grains  of  broken  watch  firings,  which 
are  undoubtedly  pure  fteel,  and  colledted  from  the  folution 
three  grains  of  black  matter.  Healing  this  in  inflammable 
air,  a  great  proportion  of  it  was  imbibed  ;  and  then,  by  means 
of  the  diluted  acid,  it  gave  out  inflammable  air  a$  copioufly  as 
It  was  therefore  iron  or  fteel  filings  would  have  done.  This  black  matter, 
and  *no t* car b on .  therefore,  from  the  folution  of  fteel  was  finery  cinder,  and  not 
carbon,  or  plumbago.  And  as  iron  acquires  weight  by  be¬ 
coming  finery  cinder,  and  this  addition  of  weight,  I  think  I 
have  proved  to  be  from  water,  it  can  hardly  be  doubted,  but 
that  the  addition  of  weight  to  iron,  in  being  converted  into 
fteel,  is  from  the  fame  caufe.  Indeed,  I  believe  it  to  be  im- 
poflible  to  expofe  iron  to  a  red  heat  in  circumftances  in  which 
there  is  any  poflible  aecefs  of  water,  or  of  air,  which  always 
contains  water,  without  a  partial  calcination  of  it ;  that  is 
without  its  becoming  fuperficially  at  leaft  finery  cinder. 

This  was  evidently  the  difference  between  the  refult  of  the 
folution  of  the  watch  fprings,  and  that  of  an  equal  weight,  viz. 
200  grains  of  broken  polijhed  needles,  which  had  not  undergone 
any  calcination.  For  the  black  matter  that  remained  from  the 
folution  of  them  would  not  have  weighed  a  quarter  of  a  grain. 
Giving  colour  to  fteel,  which  is  done  to  watch  fprings,  is  al¬ 
ways  a  partial  calcination  of  the  metal ;  and  this  appears  from 
the  preceding  experiments  to  be  the  converfion  of  a  part  ofit 
into  finery  cinder,  which  is  the  reverfe  of  plumbago  ;  being, 
according  to  the  new  theory,  an  oxide  in  the  higheft  degree ; 
whereas  if  plumbago  contain  any  oxigen,  it  is  in  the  loweft 
degree. 


Bright  needles 
afforded  much 
lets  black  mat¬ 
ter  than  watch 
fprings,  of 
which  the  fur- 
face  was  blued 
©r  oxided. 


III.  An 


ART  OF  MAKING  GLL'E. 


235 


III. 


An  Account  of  the  Art  of  making  Glue.  In  a  Letter  from 

Mr.  John  Clennel. 


dear  SIR, 


Newcaftle,  June  21,  1802. 


1  H  E  following  attempt  to  develops  the  “  art  and  my  ftery5’  Great  advantages, 
of  glue-making  is  at  your  fervice,  if  you  think  it  worthy  a  and^repof^of014 
place  in  your  very  valuable  mifcellany.  The  improvement  of  manufactories, 
any  manufacture  depends  upon  its  eafy  accefs  to  men  of  fcience, 
and  a  prudential  theorifl  can  never  be  better  employed  than  in 
attempting  to  reduce  to  regularity  or  to  fyftem  the  manufac¬ 
tures  that  may  fall  under  his  attention.  In  conformity  to  the 
fird  principle,  I  made  fome  notes  whild  vifiting  a  glue  manu- 
fadtory  a  few  years  ago  in  Southwark,  and  thofe,  interwoven 
with  the  remarks  on  that  fuhjedt  of  fome  chemifts  of  the  fird 
refpe&ability,  I  take  the  liberty  of  fending  you:  at  the  fame 
time  I  mud:  beg  of  you,  or  your  correfpondents,  that  where  it 
may  be  corredted  in  any  manner,  it  may  be  done,  and  I  fhall 
feel  myfelf  obliged  by  the  attention. 

Glue  is  an  infpiffated  jelly,  made  of  the  parings  of  hides  or  Glue  is  made 
horns  of  any  kind,  the  pelts  obtained  from  furriers,  and  the  hides^&c! 
hoofs  and  ears  of  horles,  oxen,  calves,  fneep,  &c.  quantities  of 
all  which  are  imported  in  addition  to  the  home  fupply,  by  many 
of  the  great  manufacturers  of  this  article:  the  fe  are  fir  ft  diged-  Cleaned  from 
ed  in  lime  water,  to  cleanfe  them  as  far  as  it  can  from  the  gre‘ ^  byJ ilme~ 
greafe  or  dirt  they  may  have  contracted ;  they  are  then  deep-  fteeped  in  c! 


ean 


ped  in  clean  water,  taking  care  to  dir  them  well  from  time  tol  f 

c  1  !  ,  •  ,  .  .  r  ,  b01,ed  m  water; 

time  ;  afterwards  they  are  laid  m  a  heap,  and  the  luperabun-  clarified  by  alum 

dant  water  preffed  out;  then  they  are  boiled  in  a  large  bra fs 

caldron  with  clean  water,  fkimming  off  the  dirt  as  it  rifes,  and  fubfidence^  ^ 

further  cleanfed  by  putting  in,  after  the  whole  is  didolved,  a  aSam  boiled  to 

little  melted  alum  or  lime  finely  powdered,  which,  by  their  de-  denfity;' poured 

terfive  properties,  dill  further  purge  it :  the  fkimming  is  con-  into  moulds ; 

tinued  for  fome  time,  when  the  mafs  is  drained  through  bafkets,  Jnto  p°r*  .  . 

and  fuffered  to  fettle,  that  the  remaining  impurities,  if  any,  on  a  net. 

may  fubdde;  it  is  then  poured  gently  into  the  kettle  again, 

and  further  evaporated  by  boiling  a  fecond  time,  and  lkimming, 

until  it  becomes  a  clear  but  darkifh  brown  colour:  when  it  is 

thought 


ART  OF  MAKING  GLUE, 


Character  of 
good  glue. 


Judgement  of 
the  cakes. 


thought  to  be  flrong  enough  (which  is  known  either  by  the 
length  of  time  a  certain  quantity  of  water  and  materials  have 
boiled,  or  by  its  appearance  during  ebullition),  it  is  poured 
into  frames  or  moulds  of  about  fix  feet  long,  one  broad,  and 
two  deep,  where  it  hardens  gradually  as  the  heat  decreafes: 
out  of  thefe  troughs  or  receivers  it  is  cut  when  cold  by  a  fpade, 
into  fquare  pieces  or  cakes,  and  each  of  thefe  placed  within  a 
fort  of  wooden  box,  open  in  three  divifions  to  the  back;  in  this 
the  glue,  as  yet  foft,  is  taken  to  a  table  by  women,  where 
they  divide  it  into  three  pieces  *  with  an  initrument  not  unlike 
a  bow,  having  a  brafs  wire  for  its  firing  ;  with  this  they  hand 
behind  the  box  and  cut  by  its  openings,  from  front  to  back : 
the  pieces  thus  cut  are  taken  out  into  the  open  air,  and  dryed 
on  a  kind  of  coarfe  net  work,  fattened  in  moveable  (beds  of 
about  four  feet  fquare,  which  are  placed  in  rows  in  the  glue- 
maker’s  field  (every  one  of  which  contains  four  or  five  rows  of 
net  work) ;  when  perfectly  dry  and  hard,  it  is  fit. for  lale. 

That  is  thought  the  belt  glue  which  fvvells  con  fide  rably 
without  melting,  by  three  or  tour  days  immerfion  in  cold  water, 
and  recovers  its  former  dimenfions  and  properties  by  drying. 
Glue  that  lias  got  fro  ft,  or  that  looks  thick  and  black,  may  be 
melted  over  again  and  refined,  with  a  futheient  quantity  added 
of  frefh  to  overcome  any  injury  it  may  have  futtained  ;  but  it  is 
generally  put  into  the  kettle  after  what  is  in  it  has  been  purged 
in  the  fecond  boiling.  To  know  good  from  bad  glue,  it  is 
necelfary  for  the  purchafer  to  hold  it  between  his  eye  and  the 
light,  and  if  it  appears  of  a  ftrong  dark  brown  colour,  and  free 
from  cloudy  or  black  fpots,  the  article  is  good. 

I  am,  Sir, 

With  great  refpect, 

Your’s,  &c. 

JOHN  CLENNELL. 


*  When  the  women,  by  miltake,  cut  only  two,  that  which  is 
double  the  fize  is  called  a  Bifhop,  and  thrown  into  the  kettle  again. 
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IV. 

On  the  Preparation  of  Indelible  Ink.  In  a  Letter  fr 
Mr.  Thomas  Sheldrake. 


om 


To  Mr.  NICHOLSON. 


S  I  R, 


As  your  correfpondent,  Mr.  Clofe,  has  alluded  to  my  me¬ 
moir  on  the  nature  and  preparation  of  drying  oils,  it  may  not 
be  unpl  eafant  to  receive  fuch  information  as  I  am  able  to  give 
refpecling  the  objecl  of  his  purfuit. 

By  experiments  repeated  and  varied  every  way  that  my  ima¬ 
gination  can  fuggeft,  I  am  convinced  that  amber  is  not  fo- 
luble  in  alcohol  or  any  efiential  oil :  it  is  foluble  in  expreffed 
oils,  by  the  procefs  deferibed  in  Lewis’s  philofophical  com¬ 
merce  of  the  arts,  but  that  folution  does  not  dry  well,  and 
therefore  will  not  anfwer  Mr.  Clofe’s  purpofe;  but  when  dif- 
folvcd  by  the  *  well-known  procefs  for  making  amber- varnifh, 
it  is  likely  to  anfwer  extremely  well. 

There  is  another  fubftance  which  feems  likely  to  anfwer  his 
purpofe  very  well,  f  Afphaltum  is  a  bituminous  lubftance, 
perfectly  black  when  viewed  in  a  mafs,  but  a  dark  tranfparent 
brown  when  diffolved  :  it  is  foluble  in  fpirit  of  turpentine  at  a 


Amber  is  not 
foluble  in  alcohol 
or  efiential  oil. 


The  folution  in 
exprelTed  oil  is 
not  good  for  ink$ 
but  the  folution 
for  varnifh  is 
good. 

Afphaltum  pro- 
mifes  to  be  a 
good  material. 


*  The  following  is  the  moft  convenient  method:  Put  final!  pieces  Procefs  for  the 

of  amber  into  an  iron  ladle,  fet  it  on  a  fire  till  they  are  melted,  then  °A  io!UI:on  °* 

amber* 

add  fo  much  of  the  belt  drying  oil  as  will  make  it  liquid,  dir  them 
well  together,  and,  when  cold,  add  fo  much  fpirit  of  turpentine  as 
will  make  it  thin  enough  to  flow  from  the  brulh.  The  object  in 
making  varnifh  is  to  difcolour  the  amber  as  little  as  poflible ;  there¬ 
fore  it  is  but  little  roafted,  and  the  lighted;  coloured  drying  oil  is 
ufed  ;  but  if  this  folution  of  amber  was  ufed  for  making  ink,  the 
darknefs  of  tlte  colour  would  be  an  advantage,  therefore  the  amber 
fbould  be  thoroughly  melted,  and  the  darkefl:  drying  oils  ufed  in 
preference  to  the  others. 

•f  Within  thefe  few  years  good  afphaltum  may  be  procured  in  Good  afphaltum 

many  fliops  in  London  :  before  that  period  it  was  unknown  ;  the  1S  now  ,  ^ 

...  procured, 

beft  of  what  was  fold,  and  is  Jlill  fold  in  fame  places,  was  the  caput 

mortuum  of  amber;  other  compofitions  of  pitch  and  various  refins 

were  likewife  fold  for  afphaltum.  If  it  were  ufed  for  Mr,  dole’s 

ink,  care  fliould  be  taken  to  fele&  the  belt. 


low 
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Afphaltum  in 
fpirit  of  turpen¬ 
tine,  rendered 
confiftent  with 
folution  of  am¬ 
ber,  and  co¬ 
loured  with  lamp 
black,  would 
give  an  indelible 
ink. 

The  drying  oil 

of  the  varnifh 
would  increafe 
the  difficulty  of 
obliteration. 


low  heat,  and  when  diffolved  runs  freely  from  the  pen :  I  have 
known  fome  artifts  draw  with  this  in  preference  to  ink,  becaulc 
its  colour  harmonizes  better  with  other  materials  alfo  ufed  in 
drawing,  and  becaufe  it  is  indelible,  as  it  drikes  immediately 
into  the  paper,  and  if  it  is  not  thick,  will  ftrike  through  it:  by 
this  means  every  droke  made  with  it  is  vifible  through  every 
colour  that  is  wafhed  over  it. 

It  feems  then  that  if  a  folution  of  afphaltum  was  made  in 
fpirit  of  turpentine,  and  fo  much  of  the  folution  of  amber  was 
added  as  would  give  it  due  confidence,  and  the  fined  lamp 
black  to  give  it  colour,  a  perfect  ink  would  be  formed,  and 
poflTeffing  thofe  properties  Mr.  Clofe  feems  to  defire;  for,  fup- 
pofing  the  other  materials  could  be  removed,  fo  much  of  the 
colour  as  depends  on  the  afphaltum  would  be  indelible,  except 
by  fuch  means  as  would  deftroy  the  paper  or  parchment. 

Even  the  fmall  quantity  of  drying  oil  introduced  into  the 
varnifh,  would  be  ufeful  in  this  refpedt ;  for  it  is  well  known, 
that  if  oil  is  dropped  upon  white  paper,  though  the  mark  is 
fcarcely  vifible  at  fird,  in  a  year  or  two  it  will  become  a  dark 
vellowifh  brown:  it  feems  as  though  the  oil  changes  the  paper 
fo  much  that  its  colour  can  never  be  recovered,  at  lead  thofe 
who  undertake  to  redore  the  white  colour  of  old  prints,  always 
make  an  exception  to  fpots  of  oil. 

If  this  hint  thould  be  thought  deferring  any  notice,  you  will 
have  the  goodnefs  fo  make  what  ufe  you  pleafe  of  it. 

I  am.  Sir, 

Your’s,  Szc. 

T.  SHELDRAKE. 

No.  50,  Strand,  July  6 ,  1802. 


Copal  would 
probably  be  dif- 
charged  from 
paper  by  cam¬ 
phorated  fpirit. 


P.  S.  I  believe  Mr.  Clofe  will  find  himfelf  midaken  as  to 
the  infolubility  of  copal  when  ufed  in  his  ink.  So  powerful  is 
the  influence  of  camphor  upon  it,  that  if  copal  be  reduced  to 
powder,  and  a  little  camphor  is  rubbed  into  it,  it  immediately 
begins  to  foften,  and  the  whole  foon  becomes  a  coherent  mals; 
and  though  copal  is  not  foluble  in  alcohol  alone,  if  camphor  is 
added,  it  diffolves  as  eafily  in  the  compound  as  the  foiled  refin 
would.  It  is  therefore  extremely  probable,  that,  if  a  paper 
written  with  his  ink.  was  walked  with  camphorated  fpirits,  the 
writing  would  be  removed  with  very  little  difficulty. 


V.  Obfervations 
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Obfervations  on  the  Caufes  why  a  large  Quantity  of  common  Salt 
prevents  P utrefaSlion ,  and  a  fmall  Quantity  haftens  it .  By 
D.  H. 


To  Mr.  NICHOLSON. 


S  I  R, 


JL  HERE  are  few  phenomena  of  nature  more  intereffing,  and  Remarkable  op. 

at  the  fame  time  more  involved  in obfcuritv,  than  the  twooppo-  of  ef- 

-  _.  .  rr  ,  ,  lefts  of  common 

ii  te  actions  of  muriate  of  loda,  which  is  known  to  have  very  con-  fait  in  prevent- 

fiderable  effedt,  both  in  accelerating  and  in  retarding  putrefac-  ]nS  or  accelerat¬ 
ion.  The  antifeptic  property  of  this  fait  has  been  known  from  M'itsTq^antity  U 
the  earlieff  ages.  It  was  difcovered,  however,  by  Pringle,  more  or  lefs. 
Macbride,  and  Gardane,  that  putrefadtion  may  behaffened  by 
fprinkling  the  animal  fubffances  with  water  holding  a  fmall 
quantity  of  muriate  of  foda  in  folution.  This  difcovery  excited 
much  furprife;  and  the  celebrated  chemifts  who  obferved  it 
feem  to  have  been  fully  aware  of  the  difficulties  attending  its 
explanation,  as  they  have  offered  no  theory  to  account  for  it. 

It  would  doubtlefs  appear  a  prefumptuous  undertaking,  to 
attempt  the  folution  of  a  queftion  which  has  baffled  the  inge¬ 
nuity  of  fo  many  philofophers,  did  not  the  fubfequent  difco- 
veries  in  chemiftry  and  phy  ffology  enable  us  to  fpeculate  on  the 
fubjedt  w'ith  fome  degree  of  probability. 

It  feems  neceffary  for  the  decompofftion  of  an  animal  fub-  Putrefaftion  re¬ 
liance,  I  ft,  that  it  be  in  contadt  with  atmofpheric  air  ;  2  dly,  that  wa^m'h^and 
it  be  expofed  to  a  moderate  degree  of  heat ;  and,  3 dly,  that  it  moifture  $ 
be  impregnated  with  humidity.  It  muff  neceffarily  follow, 
that  whatever  removes  thefe  conditions  will  check  the  progrefs 
of  putrefadtion.  Of  this  we  have  many  inffances,  as  in  the  an<j  js  checked 
effedts  of  cold ;  in  covering  the  fubffances  with  lugar,  refins,  by  fold  and  co- 
&c.  and  in  preferving  them  in  fpirit  of  wine.  I  conceive  with  Wmg  from  tlie 
Gren,  that  muriate  of  foda  adts  only  in  this  way,  by  abffradting  Crude  common 
the  moiffure,  and  removing  the  fubffance  from  the  contadt  of  Ialt  fuppofed  to 
oxigen;  and  not  by  a  peculiar  innate,  and  as  it  were  hidden  fn^Tnd  covering 


(vis  occulta )  antifeptic  power  *. 

*  Gren’s  Chemiftry,  Chap.  VIII. 


the  body  it  is 
applied  to. 


With" 
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Putrefa«aioR  is  With  regard  to  the  feptic  property  of  muriate  of  foda,  it  mull 

haftenedbyae-  p,e  referred  to  another  caufe.  The  deftrudion  of  mufcular  ir- 
itroying  irruabi-  .....  . 

lity.  ritability  appears  to  be  a  chief  caufe  of  accelerating  putrefac¬ 

tion.  This  was  afeertained  by  Mr;  John  Hunter,  who  found; 
that  when  death  is  occafioned  by  an  eledric  (hock,  by  violent 
exercife,  by  a  blow  on  the  ftomach,  or  by  any  thing  that  de¬ 
ft  roys  the  irritability  of  the  mufcular  fibre,  putrefaction  quickly 
enfues.  Fontana  found  that  the  fame  effects  were  produced 
by  the  poi(on  of  vipers.  It  has  been  alio  found  by  experiment, 
that  the  compounds  of  potafh  and  foda  deftroy  mufcular  in  ita- 
Common  fait  in-  bihtv.  Now,  is  it  not  a  fair  inference  from  thefe  premifes, 

a  ^n)a^  quantity  of  muriate  of  foda  fhould  poftefs  a  feptic 
quality  ?  Upon  tiiele  grounds,  it  will  not  be  difficult  to  reconcile 
the  two  oppoftte  actions  of  muriate  of  foda.  When  a  large 
quantity  of  this  fait  is  applied  to  an  animal  fub. 'lance,  it  ads 
merely  by  removing  the  indilpenfible  conditions  of  putrefac- 


Mucb  fait  re¬ 
tards  putrefac 
tion  by  drying 
and  covering, 


more  than  it  ac-  air  and  moifture.  The  particles  in  contact  with  the  fub- 

cclcrBtcs  by  the 

laft  mentioned  ftance  may  indeed  act  in  dellroying  the  irritability  of  the  muf- 
quality.  cular  fibre;  but  this  being  only  a  Secondary  caule  of  putrefac¬ 

tion,  cannot  operate  unlefs  in  conjunction  with  air  and  m'o  if* 
Little  faltacce-  ture.  On  the  other  hand,  when  a  fmall  quantity  of  this  fait  in 

lerates  it  tor  the  fQiuqon  js  applied,  it  is  infufficient  either  to  exclude  the  air,  or 
contrary  realon.  11  .  , 

to  abftract  the  moilture;  its  peculiar  property,  therelore,  acts 

in  conjwidtion  with  the  other  caufes,  and  thefe  caufes  united 

accelerate  the  putrefactive  proccfs  much  more  than  any  of  them 

feparately. 

Such  is  the  explanation  of  thefe  phenomena  which  occurred 
to  me.  Although  it  may  be  impeded  in  many  points,  yet  it 
appears  to  involve  no  hypothefis,  but  to  be  a  ftrid  dedudion 
from  fads.  Should  this  attempt  have  the  good  fortune  to  meet 
with  your  approbation,  its  infertion  in  the  Philofophical  Journal 
may  at  leaft  have  the  effed  of  drawing  the  attention  of  fome 
more  eminent  chemift  to  this  too  much  negleded  fubjed. 

I  am.  Sir, 

Your’s  rcfpedfully, 

Edinburgh,  July  12,  1802.  D.  H. 
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VI. 

Account  of  the  Methods  by  which  Soda  is  at  prefent  prepared  for 
the  Englijh  Market ;  with  other  Obj creations.  By  Mr.  Fred. 
A  c  c  u  m  .  From  th  e  Author. 


the  late  new  duty  on  fait,  the  manufafturers  of  foda  Soda  obtained  by 
avail  themfelves  of  the  method  of  decomposing  the  fulphate  of  of  the^ 

foda  *,  by  means  of  what  is  called  American  potafli.  Though  bleachers  with 
this  kind  of  potafli  contains  lefs  pure  alkali  than  the  Ruffian  ^nencan  pot*‘. 
or  German  potath,  it  is  imported  in  a  date  of  perfect  dry- 
nefs,  whereas  the  other  is  always  met  with  in  a  moift  ftate ; 
to  that  the  abfence  of  water  appears  to  compenfate  for  the 
deficiency  of  the  alkali.  The  American  potath  fells  now  from 
48s.  to  54s.  per  cvvt.  it  has  been  contiderably  higher,  until 
lately  it  fluctuated  between  54s.  and  56s. 

I  have  been  employed  in  a  foda  manufactory  in  which  the  Particular  de¬ 
following  method  anfwered  exceedingly  well.  Five  hundred  manufacturing5 
pounds  of  fulphate  of  loda  were  introduced  into  an  iron  boiler  procefs, 
containing  a  fufficient  quantity  of  Thames  water.  560  lb.  of 
American  potafli  were  likewife  difl’olved  in  as  little  water  as 
poffible  in  an  iron  boiler  fixed  near  the  former.  The  potafli 
was  always  previoufly  tried,  and  if  indifferent  the  quantity 
taken  was  10  lb.  more. 

The  folution,  as  near  as  I  recollect,  was  made  with  about  A  boiling  fofa- 

thirty  pails  of  water  to  the  alkali  here  mentioned.  Both  folu-  t*on  °f.  Potaftl 
J  1  ->  was  added  to  an~ 

tions  were  then  made  to  boil,  and  as  loon  as  the  ebullition  other  of  fulphate 
took  place  the  folution  of  potath  was  ladled  into  the  boiler  °*  tod  a, 

containing  the  fulphate  of  loda.  The  mixture  was  agitated 

during  the  transfufion,  and  the  fire  raifed  as  expeditioufly  as 

poffible.  As  foon  as  the  fluid  boiled  it  was  ladled  into  a  then  boiled, 

wooden  gutter,  which  conveyed  it  into  a  ciftern  of  wood  lined 
with  flieet  lead  nearly  half  an  inch  thick,  which  was  fixed  in 
a  cool  place.  Sticks  of  wood  were  then  placed  acrofs  the 
ciflern,  from  which  flips  of  theet  lead  two  or  three  inches 
wide  were  hung  into  the  fluid  at  four  inches  diftant  from  each 

*  Sulphate  of  foda  is  fold  cheap  by  the  bleachers,  who  have  it  as 
the  refldue  of  decompofing  common  Fait  by  fulphuric  acid  with 
manganefc.  In  February,  1801,  it  was  worth  from  11s.  to  I4s. 
per  cwt.  but  I  have  not  the  prefent  price. — A. 

Vol.  II. — August,  1802,  R 
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and  drawn  off  to 
cryltallizc  in  a 
leaden  c.ftein. 


at  a  temperature 
under  550. 

The  foda  is  then 
vvathed  with  cold 
water  j 

then  diffblved 
and  evaporated 
at  a  low’  heat. 


Policies  of  ful¬ 
phate  of  potafh 
are  formed  and 
fall  down  j 


which  ceafing, 
the  fluid  is 
drawn  oft'  to  cry- 
ftallize. 


100  parts  of  ful- 
phate  of  foda 
afford  138  of 
carbonate. 


The  two  cryffal 
lizations  are 
found  to  be  ne- 
ceftary. 
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other.  When  all  was  cool,  which  in  the  winter  was  gene¬ 
rally  the  cafe  in  three  days,  a  plug  in  the  bottom  of  the  cit¬ 
tern  was  drawn  in  order  to  let  oft  the  fluid,  and  the  cryftal- 
lized  fait  was  taken  from  the  flips  of  lead.  The  bottom  exhi¬ 
bited  a  rock  of  (alt,  which  was  detached  by  chill'd  and  mallet. 
On  this  account  it  is  that  the  lead  which  lines  the  eiflern 
mufl  be  thick,  in  order  to  guard  againft  accidents.  For  if  the 
metal  be  perforated,  the  faline  folution  creeps  between  it  and 
the  wood,  and  in  a  very  fhort  time  detaches  the  lining,  and  it  is 
befides  extremely  difficult  to  find  out  the  place  where  the  de¬ 
left  really  is.  The  temperature  where  the  foda  is  left  to  cry- 
flallize  ought  not  to  exceed  53°  Fall.  In  this  flage  of  the  pro¬ 
cefs  the  whole  of  the  fait  is  w  a  died  in  the  fame  eiflern  with 
cold  water,  to  clear  it  of  impurities  ;  afler  which  it  is  trans¬ 
ferred  again  into  the  boiler,  diflblved  in  clear  water,  and  eva¬ 
porated  by  heat.  As  loon  as  a  flrong  pellicle  is  formed,  it  is 
fullered  to  cool  fo  far  that  the  hand  may  be  dipped  in  the 
fluid  without  injury,  and  the  heat  is  kept  at  that  temperature 
as  long  as  effectual  pellicles  continue  to  be  formed  over  the 
whole  furface  of  the  boiler,  and  then  fail  to  the  bottom. 
When  no  more  pellicles  are  formed,  or  at  leafl  only  by  blow¬ 
ing  with  the  mouth  upon  the  furface,  the  fire  is  withdrawn, 
and  the  fluid  is  ladled  out  into  the  eiflern  to  cry  ftallize.  The 
fulphate  of  potafh,  &c.  which  had  been  depofited,  is  then 
taken  out  of  the  boiler  and  put  afide.  If  the  fluid  be  fullered 
to  cool  pretty  low  before  it  is  fuftered  to  run  into  the  eiflern, 
very  little  fulphate  of  potafli  is  found  in  the  foda  ;  but  in  ge¬ 
neral  the  rocky  mafles  of  foda  met  with  in  the  market  contain 
a  confiderable  quantity.  By  this  procefs  from  136  to  139  lb. 
of  foda  may  be  obtained  from  100  lb.  of  fulphate  of  foda,  if 
the  foda  be  eryftallized  in  large  cryftals ;  if  finall  cryftallized  it 
yields  Iefs ;  it  fells  now  at  52s.  or  54s.  per  cwt.  and  is  retailed 
at  8d.  per  lb. 

We  might  be  inclined  to  fuppofe  that  the  firft  operation  was 
unneceflary,  and  that  the  loda  might  be  feparated  at  once 
from  the  fulphate  of  potafh  at  the  inftant  of  its  formation  ;  but, 
practice  will  convince  the  operator  otherwife.  A  confiderable 
lofs  is  manifefted  if  the  procefs  be  not  conducted  in  this  man¬ 
ner ;  though  the  difeovery  of  the  caufe  may  perhaps  be  not  fo 
cafily  accompliflied  as  the  proof  of  the  fact. 


Other 
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Other  manufacturers  grind  together  500cvvt.  of  Glauber’s  Another  procefs. 
fait  of  the  bleachers,  and  1 00  cwl.  of  charcoal ;  they  expofe  The  ac‘d,°f 
this  mixture  in  a  reverberatory  furnace  relembling  a  baking  decompofed  and 
oven,  till  the  matter  when  ftirred  with  a  rake  becomes  pafty.  e^P£lled  by  heat 
It  is  then  withdrawn  and  transferred  into  large  calks,  each 
provided  with  a  double  bottom.  Water  is  then  fuffered  to 
Hand  one  inch  high  over  it  for  21  hours the  cock  is  then  and  the  foda  ex- 
opened,  the  folution  runs  through  the  perforated  bottom,  over  ky  water, 

which  a  ftratum  of  draw  had  been  previoufly  placed  ;  and  is 
thence  conducted  into  the  boiler  for  evaporation  and  cryflal- 
lization  *. 

It  is  a  curious  fad,  that  iron  plates  are  abfolutely  neceffary  The  heat  muft 

to  conditute  the  furface  on  which  thefe  articles  are  expofed  to  he  aPPlied  on  afl 

.....  iron,  and  not  a 

heat:  fire  bricks  do  not  anfwer.  It  teems  as  if  the  iron  adided  brick  hearth, 
the  union  ;  though  neither  iron  filings  mixed  with  the  articles 
nor  pyrites  are  found  of  advantage. 

This  method  of  making  foda  is  extremely  uncertain.  If  the  Uncertainty  of 
heat  be  not  railed  gradually,  or  if  the  mixture  be  not  fufec|  method. 
enough,  or  a  little  too  much,  it  does  not  fucceed.  The  word: 
event  is,  that  when  the  mixture  has  been  made  too  hot,  ful- 
phuric  acid  is  produced,  and  fulphate  of  potafh  is  formed. 

The  quantity  of  foda  which  may  be  obtained  by  this  procefs.  It  Is  find  to  be 
*is  faid  to  be  equal  to  that  obtained  by  any  other  method.  profitable  if  well 

I  have  been  lately  informed,  that  in  Germany  foda  is  made  Third  method. 

by  decompofincr  the  fulphate  of  foda  by  means  of  acetite  0f Sulphate  of-  foda 
,•  ,  •  •  1  •  ,  •  ,  r  x1  r  r  ,  decompofed  by 

lime;  the  acetic  acid  is  obtained  tor  that  purpole  from  wood,  acetite  of  lime, 

and  the  charcoal  is  found  to  pay  the  cods.  of  which  the 

The  method  recommended  by  feveral  chemifts,  of  obtaining  diftiiiing ^ood. 

foda  by  decompofing  Glauber’s  fait  by  acetite,  or  the  oxides  The  method  re- 

oflead,  does  not  anfwer  in  this  country.  The  mafs  is  by  far  acetite6 of ^ead^ 

too  bulky  ;  and  requires  too  much  time,  attendance,  and  fuel  or  elfe  oxides  of 

to  reduce  it  to  a  narrow  compafs.  I  have  been  informed  by  IS* 

men  well  Ikilled  in  this  department,  that  it  is  nearly  impra&i*  lofs  in  this 

cable  in  the  large  way.  The  muriate  of  lead  which  is  pro-  ^untry* 

,  ,  ?  /.  ..  .  .  F  The  muriate  of 

duced  cannot  be  uled  as  a  white  pigment,  as  the  inventors  lead  thus  ob- 

pretend.  tained  is  not  a 

In  Pruflia  they  mix  muriate  of  foda  and  quick  lime  together  ;  pJuffian* method 

then  flake  the  lime,  and  form  the  whole  into  a  thick  pulp,  by  quicklime; 

then  flaking  and 
long  expofure  to 

*  This  was  the  procefs  at  the  fait  works.  — N.  the  air.  Produdl 

0  ...  fulphate  of  lime 

~  V\  Inch  and  carbonate  of 

foda. 
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which  is  extended  about  two  inches  thick  over  a  large  furface, 
and  left  in  that  fituation  for  three  months.  Carbonate  of  foda 
is  then  formed,  which  is  wafhed  ouj  and  cryflallized  in  the 
ufual  manner.  The  foda  obtained  by  this  procefs  always  has 
a  yellowifh  call. 


VII. 


Comparifon  of  the  French  definitive  Metre  with  an  Englijh  Stand¬ 
ard,  brought  from  London  bj  M.  A.  Ptctet,  one  of  the 
Editors  of  the  Bibliolhcque  Britannique* . 

Short  hiftory  of  ^  HE  rneafurcment  of  the  earth,  and  the  inveffigation  of 
"TntS  ^s  figure,  were  the  lubjects,  at  various  times  in  the  courle  of 
the  eighteenth  century,  of  the  labours  of  a  number  of  philofo- 
phers  of  the  lirlt  eminence  in  ditTcrent  countries.  Some  Swe- 
diffi  aftronomers  are  now  employed  in  a  fecond  meafurement 
of  the  fame  degree  which  was  meafured  fixty  years  ago  by  the 
French  Academicians  in  Lapland,  under  the  polar  circle.  In 
France,  when  the  idea  of  leeking  in  the  dimenfions  of  the 
globe  itfelf  the  unit  to  which  all  meafures  and  weights  might 
be  referred,  had  once  been  conceived  and  adopted,  it  was  ne- 
ceffary  to  make  an  effort  proportional  to  the  importance  of  an 
particularly  that  undertaking  which  wras  thus  become  national.  In  the  midft 
lately  made  m  0p  a  jong  an({  Sanguinary  war,  together  with  difficulties  of 

every  other  kind,  a  chain  of  triangles  has  been  formed  between 
Dunkirk  and  Barcelona,  comprehending  the  tenth  part  of  the 
arc  of  the  meridian  which  extends  from  the  Equator  to  the 
pole,  and  which  is  equal  to  one  fourth  of  the  circumference 
of  the  globe  ;  and  the  ten  millionth  part  of  this  arc,  thus  de¬ 
termined,  has  been  adopted  for  the  unit  of  the  metrical  fyf- 
tem  :  it  has  been  fixed  by  the  conftruftion  of  ftandards  made  of 
fubftances  proper  to  refill  the  attacks  of  time  ;  and  by  a  careful 
examination  of  the  precife  relation  of  the  length  of  the  metre 
and  the  ftandard  to  that  of  the  pendulum  vibrating  feconds,  on  the  level  of  the 
meafure  thence  pea  jn  a  gjven  latitude,  the  determination  of  this  unit  has  been 

rendered  independent  of  any  accident  that  might  deftroy  of 


*  From  No.  148  of  the  Bibliotheque  Britanique.  I  avail  my- 
felf  of  the  free  tranflation  given  in  the  Journal  of  the  Royal  Inftitu- 
tion  j  but  have  very  carefully  read  the  proof  with  the  original. ---N. 
4  impair 
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impair  the  fiandards  reprefenting  it  ;  while  in  the  formation 
of  thefe  fiandards  all  the  precautions  have  been  employed  that 
could  be  fuggefied  by  the  prefent  improved  hate  of  natural 
philofophy,  and  of  the  arts. 

In  England,  on  the  other  hand,  operations  have  been  car- Operations  of 

ried  on  for  thefe  five  and  twenty  years,  which  are  to  be  the  _the/ar"e  kjnd 
_  .  ,  J  „  in  England, 

foundations  of  an  exaft  map  of  Great  Britain.  Thefe  labours, 

begun  by  the  late  General  Roy,  have  been  conducted  with 
tnuch  fagacity  and  precifion  ;  and  the  refults  are  likely  to  pro¬ 
cure  very  interefiing  information  refpe&ing  the  figure  of  the 
earth.  Sir  George  Shuckburgh,  an  eminent  member  of  the 
Royal  Society  of  London,  has  fuccefsfully  employed  himfelf 
in  private,  in  refearches  intended  to  fix  the  precife  length  of 
tbe  fiandards,  which  have  ferved  as  bafes  for  the  meafure- 
ments  made  in  Great  Britain. 

It  w7as  therefore  to  be  regretted,  that  operations  fo  fimilar.  Great  advantage 

conduced  in  two  neighbouring  countries,  and  capable  of  ac-  of  an  a^urat^. 

.  .  .  °  °  1  companion  or 

quiring  a  new  mtereft  by  comparifon,  fhould  remain  uncon-  the  French  and 
ne61ed,  for  want  of  an  a6tual  fiandard  of  the  meafures  of  the 

srd  s  • 

one  country,  which  might  be  tranfported  into  the  other,  after 
the  definitive  determination  of  the  French  meafure.  This  re¬ 
gret  we  had  deeply  felt  at  various  times  when  thefe  objects 
were  laid  before  our  readers ;  and  we  may  fay  wtth  truth, 
that  if  the  hope  of  procuring  this  medium  of  comparifon  was 
not  the  only  motive  of  the  journey  to  England  that  one  of  us 
has  made,  it  at  leaft  greatly  contributed  to  induce  him  to  un¬ 
dertake  it. 

Our  colleague  took  fome  fieps  in  his  paffage  through  Paris,  Means  ufed  by 
to  obtain  an  authentic  metre,  in  order  to  be  fubmitted  to  the  M.Pi&et  to  ob- 
examination  of  the  Royal  Society,  to  which  he  has  the  honour  tj/h  ftandard.™ 
of  belonging,  but  he  did  not  remain  long  enough  in  Paris  to  be 
able  to  fucceed  in  this  attempt.  Fie  took  advantage  of  his 
longer  fiay  in  England,  in  procuring  from  the  hands  of  Mr. 

Troughton,  an  artifi  celebrated  for  his  accuracy  in  the  con- 
firu6tion  and  divifion  of  geometrical  and  aftronomical  infiru- 
ments,  a  fiandard  rigoroufiy  conformable  to  that  which  he  had 
made  for  Sir  George  Shuckburgh,  and  with  which  this  philo- 
lopher  had  compared  the  principal  Englifh  fiandards.  Our  Apparatus  by 
colleague  procured  alio  from  the  fame  artifi  the  comparative  Trcrugbtoti  for 
apparatus  of  Sir  George  Shuckburgh,  compofed  of  two  ex-  meafures1.2 
cellent  microfcopes,  the  one  bearing  a  micrometer  which  di¬ 
vides 
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vides  the  Englifh  inch>into  ten  thoufand  equal  parts.  Upon 
his  return  to  Paris  he|  made  hade  to  exhibit  thefe  ioftruments 
to  the  Minifter  of  the  Interior,  and  to  the  National  Inftitute. 

nominated  three  of  its  members,  in  order 
regular  comparifon  of  the  definitive  metre 
for compa. ing.  vvith  the  Englifh  ftandard.  The  undertaking,  by  no  means 
fo  eafy  as  it  at  fird  appeared,  occupied  the  committee  in  five 
different  meetings,  of  nearly  four  hours  each  ;  and  it  was  per¬ 
formed  with  all  the  care  and  precaution  that  the  nature  of  the 
fubjeft  required.  Mr.  Prony,  who,  as  the  trandator  of  Ge¬ 
neral  Roy’s  memoir  on  the  fird  trigonometrical  operations  in 
England,  was  particularly  intereded  in  thefe  refearches,  acted 
as  lecretary  to  the  Committee,  and  it  was  at  his  houfe,  and 
with  the  adidance  of  a  comparative  apparatus  belonging  to 
him,  that  the  principal  experiments  were  made.  He  has  been 
fo  obliging  as  to  furnifh  us  with  an  authentic  copy  of  the  re¬ 
port  made  to  the  Inftitute,  which  was  deemed  of  fufficient 
confequenee  to  be  read  at  the  public  fitting  of  the  lad  quarter. 
He  adds,  that  “  This  report  will  loon  be  followed  by  a  me¬ 
moir,  in  which  he  will  enter  into  more  circumdantial  details 
of  all  the  obfervations  that  he  has  made  ;  and  in  which  he  will 
give  a  defeription  and  a  figure  of  his  comparative  indrument.” 
We  fliall  bear  in  mind  this  promife,  and  in  the  mean  time  we 
fhall  give  our  readers  a  copy  of  the  report ;  informing  them 
that  we  have  bedowed  on  the  corre&ion  of  the  proofs  of  this 
important  paper  all  the  attention  neceffary  to  enable  us  to  af¬ 
firm  that  no  typographical  error  has  been  committed  in  the 
numbers. 


Commiflion  of  This  learned  body 
the  French  Na-  .  i  .  .1 

tional  Inftitute  to  proceed  to  the 


Rational  Jnjlitute  of  Sciences  and  Arts.  6  Nivofe,  Year  10 

( 27  th  December ,  1 80 1 . ) 


Report  of  the 
Institute. 


Fnglifh  ftandard 
of  49  inches, 


A  member  read,  in  the  name  of  a  committee,  the  follow¬ 
ing  report  on  the  comparifon  of  the  dandard  metre  of  the 
Inditute  with  the  Englifh  foot. 

M.  Pictet,  ProfefTor  of  Natural  Philofophyat  Geneva,  fub- 
miited  to  the  infpedtion  of  the  clafs  in  the  month  of  Vende- 
miaire,  an  intereding  colle£tion  of  objects  relative  to  the  fei- 
ences  and  arts,  which  he  collected  in  his  journey  to  England. 

.Among  them  was  a  ftandard  of  the  Englifh  linear  meafure_, 
engraved  on  a  fcale  of  braf's,  of  49  inches  in  length,  divided 
by  very  fine  and  clear  lines  into  tenths  of  an  inch. 


It 
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It  was  made  for  M.  Pictet  by  Troughton,  an  artiff  in  Lon-  made  by  Trcuvh- 
don,  who  has  defervedly  the  reputation  of  dividing  inftru- tCTJ' 
ments  with  lingular  accuracy ;  it  was  compared  with  another 
ftandard  made  by  the  fame  perlon  for  Sir  George  Shuckburgh, 
and  it  was  found  that  the  difference  between  the  two  was  not 
greater  than  the  difference  between  the  diviftons  ot  each  ;  that 
is,  it  was  a  quantity  abfolutely  infenlible.  This  ffandard  may 
therefore  be  conlidered  as  identical  with  the  ftandard  deferibed 
by  Sir  George  Shuckburgh  in  the  Philofophical  Tranfadtions 
for  1798. 

M.  Pictet  alfo  exhibited  to  the  Inffitute  a  comparer,  or  an  Jnftrument  of 
inltrument  tor  aieertaining  minute  differences  between  raea-  .  JWQ 
lures,  conftrudted  alfo  by  Mr.  Troughton.  It  confiffs  of  two  copes, 
microfcopes  with  crofs  wires,  placed  in  a  vertical  fftuation, 
the  furface  of  the  fcale  being  horizontal,  and  fixed  at  proper 
diffances  upon  a  metallic  rod.  One  of  them  remains  flation¬ 
ary  at  one  end  of  the  fcale,  the  other  is  occasionally  fixed  near 
to  the  other  end  ;  and  its  crofs  wires  are  moveable  by  means 
of  a  ferevv,  defcribing  in  its  revolution  of  an  inch,  and  fur- 
niffied  with  a  circular  index,  dividing  each  turn  into  100 
parts ;  fo  that  having  two  lengths  which  differ  only  one  tenth 
of  an  inch  from  each  other,  we  may  determine  their  difference 
in  ten  thoufandths  of  an  inch.  The  wires  are  placed  obliquely 
with  refpedt  to  the  fcale,  fothat  the  line  of  divifion  muff  bifedt 
the  acute  angle  that  they  form,  in  order  to  coincide  with  their 
interfedtion.  General  Roy  has  deferibed,  in  the  75th  volume 
of  the  Philofophical  Tranfadlions,  a  fimilar  inffrument  made  by 
Ramfden,  for  meafuring  the  expanfion  of  metals. 

M.  Pidtet  offered  to  the  clafs  the  ufe  of  the  ftandard,  with 
the  micrometer  deferibed,  for  the  determination  of  the  com¬ 
parative  length  of  the  metre,  and  the  Englifh  foot :  the  offer 
was  accepted  with  gratitude,  and  MM.  Legendre,  Mdchain, 
and  Prony,  were  appointed  to  co-operate  with  M.  Pidlet  in 
the  comparifon  of  the  ftandard  metre  of  platina  and  the  Engliffi 
foot. 

The  firft  meeting  was  on  the  28th  Vendemiaire  (2lft  of  Firft  meeting  of 
October,)  at  the  houfe  of  Mr.  Lenoir.  the  commiflion» 

At  firft  a  difficulty  occurred  from  the  different  manner  in  Difficulty  to 
which  the  meafures  were  defined  :  the  Engliffi  fcale  was  gra- 
duated  by  lines  ;  the  French  ftandards  were  limply  formed  to  graduated  by 
the  length  of  a  metre  :  hence  the  length  of  the  metre  could  not  lines»  and  thc 

^  French,  which 

eatny  »lS  0f  precjfc 
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graduation. 


Method  by  an 

intermediate 

piece. 


Experimental 
com  pari  fon  by 
this  method. 


length  without  eafily  be  taken  by  the  microfcopes ;  nor  could  the  Englith 
fcale  be  meafured  by  the  method  employed  for  making  new 
fiandard  metres,  which  confifis  in  fixing  one  end  againft  a 
firm  lupport,  and  bringing  the  other  into  contact  with  the  face 
of  a  cock  or  flider,  adjufied  fo  as  barely  to  admit  the  original 
fiandard  between  it  and  the  fixed  furface. 

Mr.  Lenoir  attempted  to  overcome  this  difficulty  by  reducing 
to  a  thin  edge  the  terminations  of  a  piece  of  brafs  of  the  length 
of  a  metre ;  fo  that  it  was  compared  with  the  fiandard  metre 
in  the  ufual  manner,  and  its  extremities,  when  placed  on  the 
Englith  fcale,  conflituted  two  lines  parallel  to  thofe  which 
were  really  engraved  on  the  fcale,  and  capable  of  being  viewed 
by  the  microfcopes. 

The  fiandard  metre  of  platina,  and  another  fiandard  of  iron, 
belonging  alto  to  the  Inflitute,  were  thus  compared  with  the 
Englith  foot ;  each  of  thefe  two  meafures  being  equal,  at  the 
temperature  of  melting  ice,  to  the  ten  millionth  part  of  the 
quadrant  of  the  meridian.  A t  the  temperature  of  1.5.3°  of 
the  decimal  thermometer,  or  59.5°  of  Fahrenheit,  the  metre 
of  platina  wras  equal  to  39.3775  Englith  inches;  and  that  of 
iron  to  39.3788,  meafured  on  M.  Pi6tePs  fcale. 

Thefe  firfl  experiments,  thowed,  however,  that  the  method 
employed  was  liable  to  fome  uncertainty,  ariting  from  the  dif¬ 
ficulty  of  placing  the  crofs  wires  precifely  at  the  extremity  of 
the  thin  edge  of  the  plate  of  brafs  employed  in  the  companion  ; 
a  refledtion  or  irradiation  of  light,  which  took  place  at  that 
extremity,  prevented  its  being  diftin£tly  obferved  if  the  opti¬ 
cal  axis  of  the  microfcope  was  precifely  a  tangent  to  the  fur- 
face  exadtly  at  the  termination. 

Accurate  method  order  to  remove  this  inconvenience,  another  arrange- 

of  comparifon  ment  was  propofed  by  one  of  the  Committee.  (It  was  Mr. 
a u le r 'c a! r v i n g  Prony  that  fuggetlcd  this  ingenious  method,  and  M.  Paul  of 
a  line  was  cauf:d  Geneva,  who  happened  to  be  prefent,  that  executed  it.  B.B.) 
thcprecife1008^  ^  line  was  traced  on  a  fmall  metallic  ruler,  perpendicular  to 
length  of  the  its  length  ;  the  end  of  the  ruler  was  fixed  again!!  a  folid  ob- 
metre,  under  the  an(|  (he  crofs  wires  made  to  coincide  with  the  line: 

the  fiandard  metre  was  then  interpofed  between  the  fame  ob¬ 
stacle  and  the  end  of  the  piece,  and  the  line  traced  on  it, 
which  had  now  obvioufiy  advanced  the  length  of  the  metre, 
fubjefted  t«  the  other  microfcope.  To  the  microfcopes 

thus 


Refult, 


in  fome  refpe£t$ 
uncertain. 


microfcopes. 


was 
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thus  fixed,  the  graduated  fcale  was  transferred  ;  one  of  the 
divifions  was  placed  exadtly  under  one  of  the  microfcopes, 
and  the  micrometer  fcrew  was  turned  in  order  to  meafure  the 
fraction,  expreffing  the  diftance  of  the  other  microfcope  from 
another  divifion. 

The  comparifon  was  repeated  in  the  fame  manner  the  4th  Precife  refuit 
Brumaire  (26th  Odtober  laft)  at  the  houfe  of  one  of  the  Com-  Fahien* 
niittee,  and  after  feveral  experiments,  agreeing  very  fatisfac- 
torily  with  each  other,  it  was  found  that  at  the  temperature 
12.75°  centigrade,  or  55°  of  Fahrenheit,  the  itandard  of  pla- 
tinawas  39.3781,  and  that  of  iron  39.3795  Englifh  inches. 

The  two  metres  being  confructed  to  be  equal  at  the  tempe-  Redu&ion  to  the 
rature  of  melting  ice,  thefe  operations  may  be  verified  by  re-  melting  ice2 
ducing  their  refults  to  that  temperature.  For  this  determina¬ 
tion  we  are  provided  with  the  accurate  experiments  made  by 
Borda,  and  the  committee  of  weights  and  meafures,  on  the 
dilatation  of  platina,  brafs,  and  iron  ;  from  which  it  appears, 
that  for  every  degree  of  the  decimal  thermometer,  platina  ex¬ 
pands  .00000856;  iron  .00001156;  and  brafs  .00001783  ; 

(for  Fahrenheit’s  fcale  thefe  quantities  become  476,  and  642, 
and  990  parts  in  an  hundred  millions.)  From  thefe  data  we  find 
that,  at  the  freezing  point,  the  flandard  metre  of  platina  was 
equal  to  39.38280,  and  that  of  iron  to  39,38265  Englifh  inches 
of  M.  Pidtet’s  fcale.  The  difference  is  lefs  than  the  500th  of 
a  line,  or  the  200000th  of  the  whole  metre,  and  is  therefore 
wholly  inconfiderable. 

The  refult  of  the  whole  comparifon  is  therefore  this.  Sup-  Standard  metre 

pofmg;  all  the  meafures  at  the  temperature  of  melting:  ice,  each  at  320  5s 
1  G  .  r  fc>  7  39.38272  Eng- 

of  the  ftandard  metres  is  equal  to  the  10000000th  part  of  the  lift  inches, 
quadrant  of  the  meridian,  and  to  39.38272  Englifh  inches  of 
M.  Pictet’s  fcale. 

At  the  clafs  of  mathematical  and  phyfical  fciences  of  the 
National  Inflitute,  6  Nivofe,  year  10. 

Legendre,  Mdchain,  and  Prony,  Reporter. 

This  report  is  approved,  and  its  conclufions  adopted  by  the 
clafs.  Certified  in  conformity  with  the  original  by  Delambre. 

Paris,  26  Nivofe,  year  10  (16th  January,  1802). 

[  The  reft  of  this  Paper  is  bp  the  learned  Secretary  to  the  Royal 

Inftitution ,  Dr.  Young.'] 

On  examining  the  reduction  of  the  ftandards  of  platina  and  Revifion  by  Dr, 
iron  to  the  freezing  point,  it  appears  that  they  differ  fomewhat  Young* 

lefs 
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Iefs  than  is  dated  in  the  report,  and  that  they  coincide  within 
an  unit  in  the  lafl:  place  of  the  decimals  exprelling  their  magni¬ 
tudes,  or  one  ten  thou fandth  of  an  inch.  The  flandard  of  pla- 
tina  at  the  freezing  point  becomes  equal  to  39.37380,  and  that 
of  iron  to  39.37370  Englilh  inches  on  the  fcale  of  brafs  at  35°, 
and  the  mean  of  thefe  to  39.37100  Englilh  inches  at  62°, 
which  is  the  temperature  that  has  been  univerfally  employed 
in  the  companion  of  Britilh  ftandards,  and  in  the  late  trigo¬ 
nometrical  operations  in  particular.  This  reiult  agrees  fur- 
prifingly  with  Mr.  Bird's  determination  of  the  lengths  of  the 
toiles  lent  by  Mr.  Lalande  to  Dr.  Malkelyne,  of  which  the 
mean  was  76.734-  inches :  hence  the  metre,  having  been  found 
to  contain  36.94-13  French  inches,  appears  to  be  equal  to 
39.3702  Englifh  inches  :  or  rather  to  be  either  39.3694-  or 
39.3710,  accordingly  as  the  one  or  the  other  of  the  two  toifes 
happens  to  have  been  the  more  correct ;  we  may  therefore 
give  the  preference  to  that  which  meafured  76.736  inches. 

Allowing  the  accuracy  of  the  French  meafurements  of  the 
arc  of  the  meridian,  the  whole  circumference  of  the  globe  will 
be  24-855.4-3  Englilh  miles,  and  its  mean  diameter  79 1 1 .73. 
Taking  the  ellipticity  at  T-J-5,  the  axis  will  be  nearly  7893|, 
the  equatorial  diameter  7928,  and  the  diameter  of  a  fphere  of 
equal  folid  content  about7916  miles;  the  brafs  flandard  being 
at  the  temperature  of  62°  of  Fahrenheit. 

Standard  metre  As  long,  therefore,  as  the  Englifh  flandard  continues  to  be 
at  reduced  to  this  temperature,  we  mud  confider  the  metre  as 

equivalent  to  39.3710,  and  not  to  39.3827  Englilh  inches. 

Upon  thefe  joint  authorities  it  may  be  of  ufe  to  reprint  here 
a  table  of  the  principal  meafures  and  weights  now  ufed  in 
France,  with  the  very  flight  corrections  which  this  laft  com¬ 
panion  has  introduced  into  it.  In  tranllating  the  French 
terms  into  Englilh,  we  are  fully  at  liberty  to  refeue  them,  in 
fome  meafure,  from  the  barbarifms  in  orthography  which  have- 
been  committed  in  forming  them. 

Meafures  of  length,  the  metre  being  at  32°,  the  foot  at  62°. 

•  Englilh  inches. 

French  meafure*  Millimetre  -  .03937 

of  length,  Centimetre  -  --  -  -  .39371 

Decimetre  -  -  3.93710 

Metre 
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Metre  «. 

• 

39.37100 

Decametre  - 

- 

393.71000 

Hecatometre  - 

— 

3937.10000 

Chiliometre  - 

• 

39371.00000 

Myriometre  - 

• 

393710.00000 

M. 

F. 

Y.  Ft.  In. 

A  decametre  is  -- 

0 

0 

10  2  9.7 

A  hecatometre  -  *  -  - 

0 

0 

109  1  1 

A  chiliometre  - 

0 

4 

213  1  10.2 

A  myriometre  - 

6 

1 

156  0  6 

8  ehiliometres  are  nearly  5  miles. 

Mcajurcs  of  capacity. 


Millilitre  - 

Centilitre  - 
Decilitre  - 

Litre,  a  cubic  decimetre  - 
Decalitre  - 

Hecatolitre  -  -  -  - 

Chiliolitre  - 

Myriolitre  - 

A  litre  is  nearly  2J-  wine  pints. 

3  wine  pints.  A  chiliolitre  is  1  tun. 


Cubic  inches  E.  , 

.06103  of  capacity, 
.61028 
6.10280 
61.02800 
610.28000 
6102.80000 
61028.00000 
610280.00000 
4  decilitres  are  nearly 
2.73  wine  gallons. 


Weights. 

A  gramme  is  the  weight  of  a  cubic  centimetre  of  pure  Weights, 
water  at  its  maximum  of  denfity.  It  has  been  found  equal  to 
18.827  French  grains,  of  which  576  made  472.5  Englith;  and 
489.5058  grammes  make  a  pound  of  the  ftandard  of  the  mint 


at  Paris. 

E.  grains. 

Milligramme  - 

.0154 

Centigramme  - 

.1544 

Decigramme  - 

1.5444 

Gramme  - 

15.4440 

Decagramme  - 

~  -  154.4402 

Hecatogramme  - 

1544.4023 

Chiliogramme  - 

-  15444.0234 

Myriogramme  - 

154440.2344 

A  deca- 
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A  decagramme  is  6  dwts.  10.44  gr.  tr. ;  or  dr.  ii(s.  gr.  44  \ 
apoth.  ;  or  5.6.5  dr.  avoird.  A  hecatogramme  is  3  oz.  8.5. 
dr.  av.  A  cbiliogramme  is  2lbs.  3  oz.  5  dr.  av.  A  myrio- 
gramme  is  22lbs.  1.15  oz.  av.  100  myriogrammes  arc  1  ton 
wanting  32.8lbs. 


Agrarian  meafiurcs. 


Agrarian  mea- 
fures. 

Are,  1  fquare  decametre 

Hecatare  -  -  2  acres,  1 

3,95  perches, 
rood,  35.4  perches. 

For  fire-wood. 

for  fire -wood. 

Deeiftere,  T^,  ftere  - 

3.5317  cub.  f.  E. 

Stere,  1  cubic  metre 

35.3171  cub.  f. 

MONEY.  Copper. 

E.  grains. 

Money. 

Centime,  1  gramme  - 

5  centimes,  or  fous  - 

15.4 

77.2 

Decime  -  - 

• 

AO 

l 

1 

2  decimes  -  - 

308.8 

• 

Silver  T%  or  -j!  fine. 

Franc,  5  grammes,  - 

6  francs,  -  -  -  - 

-  3  dwts.  5.2  gr. 

16  dwts.  2. 1  gr. 

The  franc  is  nearly  the  fame  with  the  livre  tournois,  and 
worth  about  lOd.  Bolton’s  penny  weighs  435  gr.  ;  his  half¬ 
penny  165  ;  a  (hilling  nearly  93  gr.  and  is  fine. 

Length  of  It  appears  from  Mr.  Borda’s  experiments,  that  in  latitude 

pendulum,  Sec.  45^  a  pendulum  of  the  length  of  a  metre  would  perform  in  a 
vacuum  861 16.5  vibrations  in  a  day  :  the  length  of  a  pendu¬ 
lum  being  fuppofed  to  increafe  with  the  latitude,  in  the  pro¬ 
portion  of  the  fquare  of  the  fine  of  the  latitude,  multiplied  by 
.000567,  while  the  time  of  its  vibration  remains  unaltered. 

Y. 
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ON  THE  FIGURE  OF  SULPHATE  OF  BARYTES,  & 0. 

VIII. 

On  the  Figure  of  Sulphate  of  Barytes,  and  the  Formation  of 
Mandrepone.  In  a  Letter  from  Mr.  H.  Sarjeant. 

To  Mr.  NICHOLSON. 

S  I  R, 

Ip  the  following  mineralogical  notices  appear  to  contain  any 
thing  worthy  of  attention,  they  are  at  your  fervice,  from 

Your  humble  fervant, 

Kefzvick,  July  16,  1802.  H.  SARJEANT. 

THE  barytes,  or  ponderous  earth,  occurs  in  a  great  variety 
of  forms :  one  of  the  rareft  is  deferibed  as  “  refembling  a  num- 
“  ber  of  fmall  double  convex  lenfes  fet  edgeways  in  a  ground.” 
This  lingular  formation,  fo  different  from  the  angular  forms 
affected  by  cry  Hals  in  general,  was  the  eaufe  of  my  examining 
it  with  conliderable  attention  ;  and  I  am  perluaded,  that  who¬ 
ever  does  the  fame,  will  perceive  that  the  (liape  of  thefe  cry  to¬ 
tals  is  not,  properly  fpeaking,  lenticular,  but  rather  a  fort  of 
very  acute  edged  rhomboid,  inferted  by  one  of  the  corners  as 
far  as  the  diagonal  line,  fo  that  the  projecting  part  refembles 
the  corner  of  a  carpenter’s  chilfel,  admitting  that  the  angle 
formed  by  its  edge  and  lide  were  enlarged  to  1 00  degrees,  or 
fomewhat  more,  and  the  fide  bevilled  off  in  the  fame  manner 
as  the  edge,  but  in  the  oppofite  direction. 

In  its  moll;  ufual  form,  the  fulphate,  the  barytes  is  a  very 
abundant  production.  It  is  found  in  this  and  the  neighbour¬ 
ing  counties,  in  great  quantities,  with  lead,  with  lime  (common 
limeftone),  with  iron,  and  with  gypfum. 

That  fort  of  limeftone  which  abounds  with  the  petrefaCtions 
called  mandreporce,  appears  to  owe  its  origin  to  depofitions  of 
calcareous  mud,  formed  in  a  manner  fimilar  to  what  may  be 
feen  in  the  upper  part  of  moft  lakes,  that  of  Kelwick  in  parti¬ 
cular,  in  which  a  fpecies  of  equifetum  grows,  often  in  fheetsof 
feveral  acres,  flightly  covered  with  water.  The  feCtion  of  the 
madreporoe  is  precilely  that  of  the  frefh  root,  and  they  are  ge¬ 
nerally  inclined  all  in  the  fame  direction,  as  if  caufed  by  a 
ftream  of  water  palling  over  them,  which  might  be  the  cafe 
when  the  water  was  drawn  off  from  fuch  places,  by  the  effect 
of  earthquakes,  or  other  great  operations  of  nature. 

The  fubfequent  induration  of  fuch  mud  into  ftone,  may  be 
confidered  as  a  faCt  diffidently  known. 

IX,  Experiments 
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IX. 

Experiments  and  Obferrations  on  certain  jinny  and  metalline 
Subjlances,  which  at  different  Times  are  J'aid  to  have  fallen 
on  the  Earth ;  alfo  on  various  Kinds  of  native  Iron.  By 
Edward  Howard,  Ffq,  F.  R.  S.  From  the.  Philofophical 
Tranfa&ions.  1802. 

* 

( Continued  from  page  22 1 .) 

Stone  diat  feU  m  Ijsj  179^  a  Hone  weighing  56lb.  was  exhibited  in  London, 

was  exhibited  in  with  feveral  atteffations  of  perfons  who,  on  the  ]  3th  of  Decem- 
London.  1796,  ber,  1795,  faw  it  fall,  near  Wold  Cottage,  in  Yorkfhire,  at 
Hiftorical  ac-^*  ab(Hlt  tliree  o’clock  in  the  afternoon.  It  had  penetrated 
count.  through  12  inches  of  foil  and  6  inches  of  folid  chalk  rock  ;  and 

in  burying  itfelf,  had  thrown  up  an  immenfe  quantity  of  earth, 
to  a  great  diffance :  as  it  fell,  a  number  of  explofions  were 
heard,  about  as  loud  as  piftols.  In  the  adjacent  villages,  the 
founds  heard  were  taken  for  guns  at  fea  ;  but,  at  two  adjoin¬ 
ing  villages,  were  fo  diffin<5t  of  fomething  lingular  palling 
through  the  air,  towards  the  habitation  of  Mr.  Tophani, 
that  five  or  fix  people  came  up,  to  fee  if  any  thing  ex¬ 
traordinary  had  happened  to  his  houfe  or  grounds.  When 
the  Hone  was  extracted,  it  was  warm,  fmoaked,  and  fmelt 
very  ffrongly  of  fulphur.  Its  courfe.  as  far  as  could  be  col- 
le&ed  from  different  accounts,  was  from  the  fouth-weff.  The 
day  was  mild  and  hazy,  a  fort  of  weather  very  frequent  in  the 
Wold  hills,  when  there  are  no  winds  or  florins ;  but  there  was 
not  any  thunder  or  lightning  the  whole  day.  No  liich  Hone  is 
known  in  the  country.  There  was  no  eruption  in  the  earth  ; 
and,  from  its  form,  it  could  not  come  from  any  building  ;  and, 
as  the  day  was  not  tempeftuous,  it  did  not  feem  probable 
that  it  could  have  been  forced  from  any  rocks,  the  neareff  of 
which  are  thofe  ofHamborough  Head,  at  a  diffance  of  twelve 
miles.*  The  neareff  volcano,  I  believe  to  be  Hecla,  in 
Iceland. 

Investigations  The  exhibition  of  this  ffone,  as  a  fort  of  fhow,  did  not  tend 
refpedting  it.  to  accredit  the  account  of  its  defeent,  delivered  in  a  hand-bill 
at  the  place  of  exhibition;  much  lefs  could  it  contribute  to  re- 

•  Extracted  from  the  printed  paper  delivered  at  the  place  of 

exhibition. 


move 
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move  the  obje&ions  made  to  the  fall  of  the  (tones  prefented  to 
the  Royal  French  Academy.  But  the  Right  Hon.  president  of 
the  Royal  Society,  ever  alive  to  the  intereft  and  promotion  of 
fcienee,  obferving  the  (lone  fo  exhibited  to  refemble  a  (tone 
fent  to  him  as  one  of  thole  fallen  at  Sienna,  could  not  be  milled 
by  prejudice;  he  obtained  a  piece  of  this  extraordinary  mafs, 
and  collected  many  references  to  deferiptions  of  fimilar  phe¬ 
nomena.  At  length,  in  1799,  an  account  of  hones  fallen  in 
the  Eah  Indies  was  fent  to  the  prefident,  by  John  Lloyd  Wil¬ 
liams,  Efq.  which,  by  its  unquehionable  authenticity,  and  by 
the  hriking  refemblance  it  bears  to  other  accounts  of  fallen 
hones,  mult  remove  all  prejudice,  Mr.  Williams  has  lince 
drawn  up  the  following  more  detailed  narrative  of  facts. 


Account  of  the  Explofion  of  a  Meteor,  near  Benares ,  in  the  Eaft  Explofion  of  a 

Indies  ;  and  of  the  falling  of  fame  Stones  at  the  Jhme  Time,  mc^eor  ne']r  ,Be’ 
J  J  J  f  nares,  and  the 

about  14  Miles  from  that  City.  By  John  Lloyd  Williams,  falling  of  tome 

Efq.  F.  R.  S.  Hones  at  the 

fame  time. 

A  circumhance  of  fo  extraordinary  a  nature  as  the  fall  of 
hones  from  the  heavens,  could  not  fail  to  excite  the  wonder, 
and  attra<51  the  attention  of  every  inquihtive  mind. 

Among  a  fuperhitious  people,  any  preternatural  appearance 
is  viewed  with  hlent  awe  and  reverence ;  attributing  the  caufes 
to  the  will  of  the  Supreme  Being,  they  do  not  prefume  to  judge 
the  means  by  which  they  were  produced,  nor  the  purpofes  for 
which  they  were  ordered ;  and  we  are  naturally  led  to  fufpedl 
the  influence  of  prejudice  and  fuperhition,  in  their  deferiptions 
of  fuch  phenomena ;  my  inquiries  were  therefore  chiefly  di¬ 
rected  to  the  Europeans,  who  were  but  thinly  difperfed  about 
that  part  of  the  country. 

The  information  I  obtained  was,  that  on  the  19th  of  De-  Narrative, 
cember,  1798,  about  eight  o’clock  in  the  evening,  a  very  lu¬ 
minous  meteor  was  oblerved  in  the  heavens,  by  the  inhabitants 
of  Benares  and  the  parls  adjacent,  in  the  form  of  a  large  ball  Large  ball  of^ 
of  fire;  that  it  was  accompanied  by  a  loud  noife,  refembling  hke  thunder, 
thunder;  and  that  a  number  of  fiones  were  faid  to  have  fallen 
from  it,  near  Krakhut,  a  village  on  the  north  fide  of  the  river 
Goomty,  about  14  miles  from  the  city  of  Benares. 

The  meteor  appeared  in  the  wefiern  part  of  the  hemifphere, 
and  was  but  a  lhort  time  vifible:  it  was  obferved  by  feveral 
Europeans,  as  well  as  natives,  in  different  parts  of  the  country. 

In 
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In  the  neighbourhood  of  Juanpoor,  about  12  miles  from  the 
fpot  where  the  hones  are  laid  to  have  fallen,  it  was  very  dif- 
tinCtly  obferved  by  leveral  European  gentlemen  and  ladies 
who  defuribed  it  as  a  large  ball  of  lire,  accompanied  with  a 
loud  rumbling  noife,  not  unlike  an  ill  difehargcd  platoon  of 
mufquetry.  it  was  alio  leen,  and  the  noife  heard,  by  various 
Decree  of  light,  perfons  at  Benares.  Mr.  Davis  obferved  the  light  come  into 
the  room  where  he  was,  through  a  jjdafs  window,  fo  ft rongly 
as  to  projeCt  lhadows,  from  the  bars  between  the  panes,  on  a 
dark  coloured  carpet,  very  diftinCtly;  and  it  appeared  to  him 
as  luminous  as  the  brightefl  moonlight. 

Inve legation  on  When  an  account  of  the  fall  of  the  hones  reached  Benares, 
Ekvif01’  Davis,  the  judge  and  magihrate  of  the  diftriCt,  fent  an 

intelligent  perfon  to  make  inquiry  on  the  lpot.  When  the  per- 
fon  arrived  at  the  village  near  which  the  hones  were  faid  to 
have  fallen,  the  natives,  in  anfwer  to  his  inquiries,  told  him, 
that  they  had  either  broken  to  pieces,  or  given  away  to  the 
Tefleldar  (native  collector)  and  others,  all  that  they  had  picked 
up;  but  that  he  might  eafily  find  feme  in  the  adjacent  fields, 
where  they  would  be  readily  difeovered,  (the  crops  being  then 
not  above  two  or  three  inches  above  the  ground,)  by  obferving 
where  the  earth  appeared  recently  turned  up.  Following 
thefe  directions,  he  found  four,  which  he  brought  to  Mr.  Davis  : 
moft  of  thefe,  the  force  of  the  fall  had  buried,  according  to  a 
ineafure  he  produced,  about  fix  inches  deep,  in  fields  which 
feemed  to  have  been  recently  watered  ;  and  it  appeared,  from 
the  man’s  defeription,  that  they  muil  have  lain  at  the  diftance 
of  about  a  hundred  yards  from  each  other. 

What  he  further  learnt  from  the  inhabitants  of  the  village, 
concerning  the  phenomenon,  was,  that  about  eight  o’clock  in 
the  evening,  when  retired  to  their  habitations,  they  obferved 
a  very  bright  light,  proceeding  as  from  the  fky,  accompanied 
with  a  loud  clap  of  thunder,  which  was  immediately  followed 
by  the  noife  of  heavy  bodies  falling  in  the  vicinity.  Uncertain 
whether  fome  of  their  deities  might  not  have  been  concerned  in 
this  occurrence,  they  did  not  venture  out  to  enquire  into  it  un¬ 
til  the  next  morning;  when  the  firft  circumftance  which  at¬ 
tracted  their  attention  was,  the  appearance  of  the  earth  being 
turned  up  in  different  parts  of  their  fields,  as  before  mentioned, 
where,  on  examining,  they  found  the  ftones. 


Account  by  the 
natives. 
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l  he  alliftant  to  the  colle6Ior  of  the  didrift,  Mr.  Erflcine,  a  Inquiries  by  Mr. 

•  Dr  fk  i  n  c 

Very  intelligent  young  gentleman,  on  feeing  one  of  the  ftones, 
brought  to  him  by  the  native  fuperrntendant  of  the  collodions, 
was  alfo  induced  to  fend  a  perfon  to  that  part  of  the  country, 
to  make  inquiry  ;  who  returned  with  feveral  of  the  ftones,  and 
brought  an  account  fimilar  to  that  given  by  the  perfon  font  by 
Mr.  Davis,  together  with  a  confirmation  of  it  from  the  Gauzy, 

(who  had  been  direded  to  make  the  inquiry)  under  his  hand 
and  leal. 

Mr.  Maclane,  a  gentleman  who  refided  verv  near  the  vil-  and  Mr.  Mac- 

4  "  ianc. 

lage  of  Krakhut,  gave  me  part  of  a  done  that  had  been  brought 

to  him  the  morning  after  the  appearance  of  the  phenomenon, 

by  the  watchman  who  was  on  duty  at  his  houfe ;  this,  he  faid> 

had  fallen  through  the  top  of  his  hut,  which  was  dole  by,  and 

buried  itfelf  feveral  inches  in  the  floor,  which  was  of  confoli- 

dated  earth.  The  done  mud,  by  his  account,  previous  to  its 

having  been  broken,  have  weighed  upwards  of  twro  pounds. 

At  the  time  the  meteor  appeared,  the  Iky  was  perfectly  fe-  State  of  the  wea- 

rene;  not  the  fmalled  vedige  of  a  cloud  had  been  keen  fince 

the  1 1th  of  the  month,  nor  were  any  obferved  for  many  days 

after. 

Of  thefe  ftones,  I  have  feen  eight,  nearly  perfect,  befides  Stones  of  this 

parts  of  feveral  others,  which  had  been  broken  by  the  polfelfors,  defcription 

. . n  ..  ......  r  i  .  which  have  been 

to  diitribute  among  their  tnends.  i  he  form  ot  the  more  per-  fcen  the  au- 

fect  ones,  appeared  to  be  that  of  an  irregular  cube,  rounded  d101"* 

off  at  the  edges;  but  the  angles  were  to  be  obferved  on  mod 

of  them.  They  were  of  various  fizes,  from  about  three  to  Soma  account  of 

upwards  of  four  inches  in  their  larged  diameter;  one  of  them,  the  ^ame5 

meafuring  four  inches  and  a  quarter,  weighed  two  pounds 

twelve  ounces.  In  appearance,  they  were  exactly  fimilar: 

externally,  they  were  covered  with  a  hard  black  coat  or  in- 

cruftation,  which  in  fome  parts  had  the  appearance  of  varnidi, 

or  bitumen;  and,  on  mod  of  them  were  fractures,  which, 

from  their  being  covered  with  a  matter  fimilar  to  that  of  the 

coat,  feemed  to  have  been  made  in  the  fall,  by  the  dones 

ftriking  againd  each  other,  and  to  have  palled  through  fome 

medium,  probably  an  intenfe  heat,  previous  to  their  reaching 

the  earth.  Internally,  they  confided  of  a  number  of  fmall 

fphcrical  bodies,  of  a  date  colour,  embedded  in  a  whitidi 

gritty  fubitance,  interfperfed  with  bright  fhining  fpicuke,  of  a 

metallic  or  pyritical  nature.  The  fpherical  bodies  were  much 
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harder  than  the  reft  of  the  (tone:  the  white  gritty  part  readily 
crumbled,  on  being  rubbed  with  a  hard  body;  and,  on  being 
broken,  a  quantity  of  it  attached  itfelf  to  the  magnet,  but 
more  particularly  the  outfide  coat  or  cruft,  which  appeared 
almofl  wholly  attractable  by  it. 

The  author  de-  As  two  of  the  more  perfect  (tones  which  1  had  obtained,  as 
C°n  well  as  parts  of  fome  others,  have  been  examined  by  fevcral 
gentlemen  well  verfed  in  mineralogy  and  chemiftry,  1  (hall 
not  attempt  any  further  defeription  of  their  conftituent  parts; 
nor  fhall  I  offer  any  conjecture  ref  peeling  the  formation  of  fuch 
fingular  productions,  or  even  record  thofe  which  t  have  heard 
of  others,  but  leave  the  world  to  draw  their  own  inferences 
from  the  faCts  above  related.  J  fhall  only  obferve,  that  it  i* 
well  known  there  arc  no  volcanos  on  the  continent  of  India; 
and,  as  far  as  I  can  learn,  no  (tones  have  been  met  with  in 
the  earth,  in  that  part  of  the  world,  which  bear  the  fmalleft 
refemblance  to  thofe  above  deferibed. 


Iron  in  the  Bor-  IT  remains  for  me  to  fpeak  of  a  fubftanee  mentioned  in  the 
^ddtohav^faUen  Lithophylaciwn  Bornianum,  Part  I.  page  125,  deferibed  thus  : 
i*  Bohemia,  “  Ferrum  retraCtorium,  granulis  nitentibus,  matrice  virefeenti 
“  immixtis,  (Ferrum  virens,  Linn.)  cujus  fragmenta,  ab  unius 
tf  ad  vigenti  ufque  librarum  pondus,  cortice  nigro  fcoriaceo 
“  circumdata,  ad  Plann,  prope  Tabor,  circuli  Bechinenfis  Bo- 
“  hernias,  pafhm  reperiuntur.” 

The  iron  thus  deferibed,  is  moreover  made  remarkable  by  a 
note  *,  which  obferves,  that  credulous  people  afiert  it  to  have 
fallen  from  heaven  during  a  thunder  (form,  on  the  3d  of  July, 
1753. 

The  collection  of  Baron  Born,  it  is  well  known,  has  a  place 
in  the  cabinet  of  the  Right  Honourable  Charles  Greville,  who, 
from  the  effeCt  produced  by  comparing  the  hiftories  and  ftruc- 
ture  of  the  Italian  and  Yorkfhire  Hones  with  the  defeription  of 
this  iron,  was  induced  to  fearch  the  collection  of  Born,  where 
he  difeovered  the  very  fubftanee  afierted  to  have  fallen  on  the 
3d  of  July,  1753.  How  far  thefe  four  fubftances  have  refem¬ 
blance  to  each  other,  it  will  foon  appear  not  to  be  my  province 
to  anticipate. 

*  Quae  (fragmenta)  3  Julii,  anni  1753,  inter  tonitrua,  e  ccelt 
pluifle  creduliores  quidarn  afferunt. 

The 
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The  Proficient  having  done  me  the  honour  to  fubmit  his  Other  ftoncsof 
fpccimens  of  the  Yorkfhire  and  Italian  ftones  to  my  examina-  finU  lU 
tion,  I  became  indebted  to  Mr.  Greville  and  Mr.  Williams 
for  a  limilar  diRin&ion  :  and,  being  thus  pofiefied  of  four 
fubhances,  to  all  of  which  the  fame  origin  had  been  attributed, 
the  neceflity  of  deferibing  them  mineralogically  did  not  fail  to 
prefent  itfelf.  To  execute  this  talk,  no  one  could  be  more  eager, 
and  certainly  no  one  better  qualified,  than  the  Count  de 
Bournon.  He  has  very  obligingly  favoured  me  with  the  fol¬ 
lowing  deferiptions. 

Miner  illogical  Defcription  of  the  various  Stones  faid  to  have  fallen 
upon  the  Earth.  Bp  the  Count  de  Bournon,  F.  R.  S. 

THE  Bones  I  am  about  to  deferibe,  are  not  of  any  regular  Count  Bournon’ s 
fliape;  and  thofe  which  were  found  in  an  entire  Bate,  that  is,,theC‘lpn°n  ° 
thofe  which  had  not  been  broken,  either  by  their  fall  or  other-  ftones. 
wife,  were  entirely  covered  with  a  black  cruB,  the  thicknefs 
of  which  was  very  ineonBderable. 

The  Bones  which  fell  at  Benares,  are  thofe  of  which  the 
mineralo£ical  characters  are  the  moft  Bribing:  I  (hall  therefore 
begin  the  following  defcription  with  them  ;  and  Biall  after¬ 
wards  make  ufeofthem,  asobje&s  ofcomparifon,  in  deferibing 
the  others. 


various 


STONES  FROM  BENARES. 

Thefe  Bones,  as  well  as  the  others  deferibed  in  this  paper, 
whatever  may  be  their  Bze,  are  covered  over  the  whole  extent 
of  their  furface  with  a  thin  cruB  of  a  deep  black  colour  :  they 
have  not  the  fmalleB  glols;  and  their  furface  is  Iprinkled  over 
with  fmall  afperities,  which  caufe  it  to  feel,  in  fome  meafure, 
like  fhagreen,  or  fifh  fkin. 

When  thefe  Bones  are  broken,  fo  as  to  Blew  their  internal 
appearance,  they  are  found  to  be  of  a  greyiBi  aBi  colour  ;  and 
of  a  granulated  texture,  very  Bmilar  to  that  of  a  coarfe  grit- 
Bone :  they  appear  evidently  to  be  compofed  of  four  different 
fnbBances,  which  may  be  eatily  diBinguiBied,  by  making  ufe 
of  a  lens. 

One  of  thefe  fubRances,  which  is  in  great  abundance,  appears 
in  the  form  of  fmall  bodies,  fome  of  which  are  perfe&ly  glo¬ 
bular,  others  rather  elongated  or  elliptical.  They  are  of  various 
Bzes,  from  that  of  a  fmall  pin*s  head  to  that  of  a  pea,  or  nearly 

S  2  fo: 


Stones  from 
Bernares.  Thin 
black  cruft  ; 
rough  like  filh. 
fkin. 


Fraffurej  coarfe 
grained,  grayifh, 
aih  colour  ; 
compofed  of 
four  fubftances  j 
•viz. 


Opake  gray  gift- 
bu  es,  of  con- 
choidal  frafture 
and  flight  luftre, 
flightly  giving 
fire  with  fteel, 
and  abrading 
glafs } 


£50 


Pyrites,  not 
magnetical. 


Metallic  malle¬ 
able  iron. 


Whitifh  gray, 
crumbly  earth. 


The  cruft  is 
probably  black 
oxide  of  iron. 
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io :  tome  of  them,  however,  hut  very  few,  are  of  a  larger 
iize.  The  colour  of  thefe  iina.ll  globules  is  gray,  fometinies 
inclining  very  much  to  brown:  and  they  are  completely 
opaque.  They  may,  with  great  cafe,  be  broken  in  all  directions  : 
their  fratture  is  conchoid,  and  thews  a  tine,  fmooth,  compact 
grain,  having  a  fmall  degree  of  lutlrc,  refembling  in  tome 
meafure  that  of  enamel.  M'heir  hardnels  is  Inch,  that,  being 
rubbed  upon  glafs,  they  act  upon  it  in  a  tlight  degree;  this 
action  is  fufficient  to  take  off  its  polith,  but  not  to  cut  it:  they 
give  faint  fparks,  when  llruck  with  Heel. 

Another  of  thefe  fubttances,  is  a  martial  pyrites,  of  an  inde¬ 
terminate  form :  its  colour  is  a  reddith  yellow,  llightly  inclining 
to  the  colour  of  nickel,  or  to  that  of  artificial  pyrites.  The 
texture  of  this  fubdance  is  granulated,  and  not  very  Itrongly 
connected  :  when  powdered,  it  is  of  a  black  colour.  This  pyrites 
is  not  attrafilable  by  the  magnet;  and  is  irregularly  diftributed 
through  the  fubdance  of  the  done. 

The  third  of  thefe  fubdances  confids  in  fmall  particles  of 
iron,  in  a  perfectly  metallic  date,  lb  that  they  may  eadly  be 
dattened  or  extended,  by  means  of  a  hammer.  Thole  particles 
give  to  the  whole  mafs  of  the  done,  the  property  of  being 
attractable  by  the  magnet;  they  are,  however,  in  let's  propor¬ 
tion  than  thofe  of  pyrites  jud  mentioned.  When  a  piece  of  the 
done  w^as  powdered,  and  the  particles  of  iron  feparated  from  it, 
as  accurately  as  podible,  by  means  of  a  magnet,  they  appeared 
to  compote  about  of  the  whole  weight  of  the  done. 

The  three  fubdances  juft  detcribed,  are  united  together 
by  means  of  a  fourth,  which  is  nearly  of  an  earthy  confidence. 
For  this  reafon,  it  is  eafy  to  feparate,  with  the  point  of  a  knife, 
or  even  with  the  nail,  the  little  globular  bodies  above  mention¬ 
ed,  or  any  other  of  the  condituent  parts  of  the  done  you  may 
wadi  to  obtain.  Indeed  the  done  itfelf  may  readily  be  brokeo, 
merely  by  the  action  of  the  fingers.  The  colour  of  this  fourth 
tubdance,  which  ferves  as  a  kind  of  cement  to  unite  the 
others,  is  a  whitidi  gray. 

The  black  crud  with  which  the  furface  of  the  done  is  coated, 
although  it  is  of  no  great  thicknefs,  emits  bright  fparks,  wrhen 
druck  with  deel :  it  may  be  broken  by  a  ftroke  with  a  hammer; 
and  feems  to  polTefs  the  fame  properties  as  the  very  attra&able 
black  oxide  of  iron.  Th  is  crud  is,  however,  like  the  tubdance 
of  the  ilone,  here  and  there  mixed  with  fmall  particles  of  iron 

in 
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in  the  metallic  Hate:  they  may  eafily  be  made  viable,  by 
pafling  a  file  over  the  cruft,  as  the; >  then  become  evident,  on 
account  of  their  metallic  luftre.  This  is  more  particularly  the 
cate  with  rcfpe<5t  to  the  cruft  of  thole  Hones  which  remain  ta 
be  mentioned,  they  being  much  more  rich  in  iron  than  that  I 
have  juH  deferibed;  a  circumfiance  I  think  it  needlels  to  re¬ 
peat,  in  the  following  deferiptions  of  them.  The  Hone  now 
treated  of,  does  not,  when  breathed  upon,  emit  an  argillaceous 
fmell:  the  fame  remark  mav  be  applied  to  all  the  others. 

The  ipecitic  gravity  of  this  Hone  is  3.352. 

STONE  FROM  YORKSHIRE. 

This  (tone,  the  conHituent  parts  of  which  are  exactly  the 
fame  as  thole  of  the  Hones  from  Benares,  differs  from  them, 
however, 

Firff.  In  having  a  finer  grain. 

Secondly.  That  the  fubffance  deferibed  as  being  in  the  form 
of  fmall  globular  or  elliptical  bodies,  is  notfo  conffantly  in  thole 
forms,  but  is  alio  found  in  particles  of  an  irregular  lliape;  a 
circumffance  that  is  not  met  with  in  the  other  Hones:  thefe 
bodies  are  likewile,  in  general,  of  a  fmaller  fize. 

Thirdly.  The  proportion  of  martial  pyrites,  which  has  pre- 
cifely  the  fame  characters  as  that  in  the  Hones  from  Benares, 
is  lefs;  on  the  contrary,  that  of  the  iron  in  a  metallic  Hate,  is 
much  greater.  The  quantity  I  was  able  to  feparate  by  means 
of  the  magnet,  appeared  to  me  to  compote  about  eight  or  nine 
parts,  in  one  hundred,  of  the  weight  of  the  whole  mafs.  I 
obferved  many  pieces  of  this  iron,  of  a  pretty  confiderable  fize ; 
one  of  them,  taken  from  a  portion  of  the  Hone  I  had  powdered, 
in  order  to  feparate  the  iron,  weighed  feveral  grains. 

The  part  of  the  Hone  which  is  in  an  earthy  Hate,  and  which 
ferves  to  connect  the  other  parts  together,  has  rather  more 
confidence  than  that  of  the  preceding  Hones;  and  its  appear 
ance  does  not  differ  much  from  that  of  decompofed  felfpar  or 
kaolin.  The  Hone  itfelf,  therefore,  although  by  no  means  hard, 
is  rather  more  difficult  to  break  with  the  fingers. 

The  fpecific  gravity  of  this  Hone  is  3508. 

STONE  FROM  ITALY. 


Stone  from 
Yorkshire. 
'Compofed  like 
the  former ; 
but  of  finer 
grain : 

The  globules  arc 
lefs  regular  j 


The  pyrites  in 
lefs  quantity ; 
and  the  metallic 
iron  more. 


Its  earthy  part  Is 
more  confiftent. 


It  is  denier. 


This  ftone  was  in  a  perfectly  entire  Hate;  confequently,  its  stone  from  Italy, 
whole  furface  was  covered  over  with  a  black  cruH  peculiar  to 

all 
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coaife  grained  ; 

compofed  nearly 
like  the  others. 


It  contained  a 
yellow  tranlpa- 
rent  globule, 
fofeer  than  calca 
reous  fpar. 


Stone  from  Bo¬ 
hemia.  Com- 
pofod  like  the 
preceding  ; 


but  its  pyrites 
very  minute; 
the  quantity  of 
metallic  iron 
much  greater ; 


all  ftones  of  this  kind.  As  the  ftone  was  of  a  very  fmall  lize, 
it  became  necelfary  to  facrifice  the  whole  of  it  to  the  invefti- 
gation  of  its  nature.  Its  grain  was  coarfe,  fimilar  to  that  of  the 
flones  from  Benares:  in  it  might  be  perceived  the  fame  gray 
globular  bodies,  (he  fame  kind  of  martial  pyrites,  and  the  fame 
particles  of  iron  in  the  metallic  Hate.  The  proportion  of  thefo 
lafl  was  much  Iefs  than  in  the  ftone  from  Yorkdiire  ;  but 
rather  greater  than  in  the  flones  from  Benares.  The  fame 
kind  of  gray  earthy  fubftance  ferved  to  connect  the  different 
parts  together;  and  nothing  more  could  be  perceived,  except 
a  few  globules,  which  confided  wholly  of  black  oxide  of  iron, 
attradftable  by  the  magnet,  and  one  fingle  globule  of  another 
fubftance,  which  appeared  to  differ  from  all  thofe  we  have 
already  deferibed.  This  laft  fubftance  had  a  perfectly  vitreous 
luftre,  and  was  completely  tranfparent:  it  was  of  a  pale  yellow 
colour,  flightly  inclining  to  green;  and  its  hardnefs  was  rather 
inferior  to  that  of  calcareous  fpar.  The  quantity  of  it.  however, 
was  too  fmall  to  be  fubmitted  to  fuch  an  inveftigation  as  might 
have  determined  its  nature.  The  black  cruft  which  covered 
the  ftone,  was  rather  thinner  than  that  of  the  ftones  already 
deferibed ;  and  feemed  to  have  undergone  a  kind  of  contraction, 
which  had  produced  in  it  a  number  of  filTures  or  furrows, 
thereby  tracing  upon  the  furface  the  appearance  of  compart¬ 
ments,  fimilar  in  fome  meafure  to  what  is  obferved  in  the 
ftones  called  Septaria. 

The  fpecific  gravity  of  this  ftone  was  3418. 

STONE  FROM  BOHEMIA. 

The  internal  ftru<5ture  of  this  ftone  is  very  fimilar  to  that  of 
the  ft  one  from  Yorkfhire.  Its  grain  is  finer  than  that  of  the 
ftones  from  Benares:  in  it  may  be  obferved  the  lame  gray  fub¬ 
ftance,  both  in  fmall  globules  and  in  particles  of  an  irregular 
fhape;  alfo  the  fame  particles  of  metallic  iron.  The  fame  kind 
of  earthy  fubftance  Iikewife  ferved  to  connect  the  other  parts 
together. 

This  ftone,  however,  differs  materially  from  the  others. 

Firft.  The  particles  of  pyrites  cannot  be  feen  without  a  lens. 

Secondly.  It  contains  a  much  larger  quantity  of  iron  in  the 
metallic  ftate ;  infomuch,  that  the  proportion  of  that  metal, 
feparated  from  it  by  means  of  the  magnet,  amounted  to  about 
of  the  weight  of  the  whole. 


This 


fallen-  on  the  Earth.  2 6$ 

This  hone  has  alfo  (owing  perhaps  to  its  having  remained  a  more  oxidci 
tnuch  longer  time  in  the  earth  than  the  preceding  ones,  all  of 
which  were  taken  up  nearly  at  the  very  inftant  of  their  fall) 
another  difference,  viz.  many  of  the  particles  of  iren  in  a 
metallic  hate,  have  undergone  an  oxidizement  at  their  furface  ; 
a  circumhance  that  has  produced  a  great  number  of  fpots,  of 
a  yellowifh  brown  colour,  and  very  near  to  each  other,  over  a 
part  of  its  internal  fubftance.  This  oxidizement,  by  adding  to 
the  bulk,  and  to  the  force  of  action,  of  the  part  we  have  de- 
feribed  as  ferving  by  way  of  cement  to  the  other  conftituent 
parts  of  the  hone,  has  occalioned  a  greater  degree  ofadbefion 
between  thefe  parts,  and  has  rendered  the  fubhance  of  the 
hone  more  compact. 

The  great  quantity  of  iron  in  a  metallic  hate  which  this  It  is  harder,  and 
hone  contains,  added  to  its  greater  compact nefs,  makes  a 

capable  of  receiving  a  flight  degree  of  polifh  ;  whereas  it  is  im- 
poflible  to  give  any  polifh  to  the  others.  When  polifhed,  the 
iron  becomes  very  evident,  in  the  polifhed  part;  appearing  in 
the  form  of  finail  fpecks,  almofl  dole  to  each  other,  which  have 
the  colour  and  luhre  peculiar  to  that  metal:  thefe  fpecks  are, 
in  general,  nearly  of  an  equal  hze. 

The  black  cruft  of  this  hone  is  hmilar  to  that  of  the 
others. 

The  fpc-cihc  gravity  of  the  hone  is  4281. 

It  is  eafy  to  perceive,  from  the  foregoing  defeription,  that  Thefe  ftones  are 
thefe  hones,  although  they  have  not  the  fmalleft  analogy  ^  2' 

with  any  of  the  mineral  fubhances  already  known,  either  of  a  gous  with  any 
volcanic  or  any  other  nature,  have  a  very  peculiar  and  hriking 
analogy  with  each  other.  This  circumhance  renders  them 
truly  worthy  to  engage  the  attention  of  philofophers ;  and 
naturally  excites  a  defire  of  knowing  to  what  caufes  they  owe 
their  exihence. 

(To  be  continued.) 
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AnJxL'er  to  Mr.  Gough’s  1. (fay  on  the  Theory  of  Compound 
Sounds.  By  Thomas  Young,  M,D.  F.  B.  S. 


To  Mr.  NICHOLSON. 


S  I  R, 


Introductory  re-  J  HAVE  already  made  public,  through  the  medium  of  your 

Afciir Jc s  4  s%  «  _  t  ^  ,  t 

ufeful  Journal,  one  vindication  of  my  remarks  upon  Dr.  Smith’s 
Harmonics  ;  and  I  lhall  now  beg  you  to  infert  fome  further 
obfervations  upon  a  fubject  nearly  limilar.  I  do  not  think 
liiyfelf  bound  to  reply  to  all  the  arguments  that  may  happen  to 
be  advanced  again  ft  any  of  mv  opinions;  but  when  they  come 
from  perfons  of  literary  refpectabdity,  and  efpecially  when 
they  convey  an  imputation  of  having  detracted  from  the  me¬ 
rits  of  others,  I  cannot  forbear  attempting  to  anfwer  them  ; 
and  in  the  prefent  inftance  a  very  few  words  will  be  fufficient 
for  the  purpole.  Mr.  Gough  has  publithed  in  the  lafl  volume 
of  the  Mancheder  Memoirs,  a  paper  in  which  he  profelfes  to 
defend  Dr.  Smith’s  opinions  againft  mine  :  but  he  has  unfor¬ 
tunately  fo  far  miftaken  the  queftion  between  us,  that  with 
refpe£t  to  the  principal  circumftances,  while  he  imagines  he 
is  confuting  me,  he  is  completely  on  my  fide. 

Proceeding  upon  the  grounds  of  the  well  known  facts  rela¬ 
tive  to  the  grave  harmonics,  or  the  third  founds  produced  by 
the  coalelcence  of  two  others,  as  well  as  upon  the  allowed 
principles  of  the  compofition  of  motion,  I  had  drawn  a  num¬ 
ber  of  inferences,  which  appeared  to  be  of  fome  importance 
in  the  firft  place  with  refpect  to  the  doctrine  of  found,  and 
which  have  fi nee  furnifhed  me  with  1 1 i  1 1  more  interelting  con- 
clufions  with  regard  to  light.  I  was  not  aware  that  there  was 
any  probability  of  die  juftice  of  my  inferences  being  difputed, 
or  that  there  was  fo  much  novelty  in  the  mode  of  obtaining 
them,  as  to  deferve  the  name  of  a  theory  or  an  invention  : 
but  if  it  be  deemed  otherwife,  I  (hall  always  be  ready  to  ac¬ 
knowledge  the  invention  with  fatisfaction,  and  to  lupport  the 
theory  with  alacrity. 

Dr.  Smith  ima-  I  fhall  now  quote  the  words  of  Dr.  Smith,  which  gave  rife 

uuhaUti oml n °  to  111  y  animadverfions ;  and  this  flatemcnt  is  the  more  necef- 

fary, 


The  author’s  in¬ 
ferences  from 
coaltfcence  of 
undulations  as 
to  the  do£f tines 
of  found  and 
light,  lcarce'.y 
to  be  called  a 
new  theory. 
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‘ary,  as  I  before  omitted  to  detail  the  particulars  of  that  au- air  or  In  water 

thor’s  mifconecpiion,  and  as  Mr.  Gough  appears  wiiolly  to  eac^  ot^cr> 
i  1111  ^  -i  .  ,  .  different  parti  - 

nave  overlooked  the  p adage.  ff  Different  particles  of  the  air  cies  0f  the  ^u;(j 

at  the  ear”  lavs  Dr.  Smitlh,  “  will  keep  moving  con  flan  t]y  'yere  at  the  fame 

oppofite  ways  at  the  lame  time.  And  m  lb  rare  a  fluid  as  air  /V- ,  acc^^rd m ^ ?to ^ 

is,  where  the  intervals  of  the  particles  are  eight  or  nine  times  the  refpe&ivc 

greater  than  their  diameters,  tiiere  teems  to  be  room  enough  unua  au0ns* 

for  luch  oppofite  motions  without  impediment  :  efpecially  as 

we  fee  the  like  motions  are  realiv  performed  in  water,  which 

in  an  equal  fpace  contains  eight  or  nine  hundred  times  as  many 

fiich  particles  as  air  does.  For  when  it  rains  upon  llagnating 

water,  (he  circular  waves  propagated  from  different  centres, 

appear  to  interleft,  and  pals  through,  or  over  each  other,  even 

in  oppofite  directions,  without  any  vifible  alteration  in  their 

circular  figure,  and  therefore  without  any  fenfible  alteration 

of  their  motions.”  Harmonics,  1759,  p.  105. 

It  certainly  would  have  “  coft  me  an  effort  of  ftudy”  to  de-  Whereas  the 

monftrate  this,  although  I  could  not  exaftly  confider  it  as  the  ^~arnf  individtial 

°  ,  .  .  particles  of  the 

“  intuitive  conclulion  of  a  comprehensive  mind.”  Such  a  fluid  receive  and 

mind  appeared  to  me  to  comprehend  with  equal  eafe  the  dif-  tranfrnit  both 

tinft  and  the  confuted  ;  and  I  am  only  at  a  lots  to  conceive 

how  the  writer  of  this  patfage  could  ever  have  eompofed  a 

valuable  treatife  on  optics.  Mr.  Gough’s  theory  differs  as 

widely  from  this  ftatement  as  mine  does.  My  remark  on  it 

was  this  ;  “  It  is  furprifing  that*  fo  great  a  mathematician  as 

Dr.  Smith  could  for  a  moment  have  entertained  an  idea,  that 

the  vibrations  conftituting  different  founds,  fhould  be  able  to 

crofs  each  other  in  all  directions,  without  affefting  the  fame 

individual  particles  of  air  by  their  joint  forces:  undoubtedly 

they  crofs,  without  difiurbing  each  other’s  progrefs ;  but 

this  can  be  no  otherwife  effected  than  by  each  particle’s 

partaking  of  both  motions.  If  this  alfertion  flood  in  need  of 

any  proof,  it  might  he  amply  furnilhed  by  the  phenomena  of 

beats,  and  of  the  grave  harmonics  obferved  by  Romieu  and 

Tartini,  which  Mr.  Lagrange  has  already  conlidered  in  the 

fame  point  of  view.”  Phil.  Tranf.  1800,  p.  130. 

1  have  no  objeftion  to  admitting  the  whole  of  Mr.  Gough’s  Sounds  may  coa- 
propofitions,  in  the  particular  cafes  which  he  has  conlidered  ;  ,(rke  'v1Vcl)  ar“ 

1  1  „  ,  /  rive  at  tnc  ear 

but  when  he  fays  that  the  coalefcence  of  two  founds  is  impol-  in  the  fame  di¬ 
bble  on  mechanical  principles,  he  thinks  proper  to  omit  the  reaion  j 
only  cafe  in  which  I  had  atferted  its  cxitlence,  that  is,  when 

2  the 
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not  by  lofing 
their  rtfpe&ive 
tones  in  one  tin¬ 
gle  found  ;  but 
by  producing  an 
additional  weak¬ 
er  found. 


All  imperfect 
unifons  muft 
produce  beats. 


the  founds  arrive  at  the  ear  “  in  the  fame  direction.”  p.  131, 
Surely  Mr.  Gough  will  not  deny  the  poflibi lity-  of  fuch  a  co¬ 
incidence  in  direction,  fo  tar  at  lead  that  the  phyfical  effedl 
may  be  the  fame  as  if  the  coincidence  were  perfect :  when, 
for  indance,  we  liden  to  two  or  more  founds  patting  through 
a  long  tube,  or  to  the  various  fubordinate  founds  of  the  fame 
chord  or  pipe.  If  he  be  actually  difpofed  to  deny  the  perfect 
coincidence  in  practical  cafes,  I  fhall  only  appeal  to  experi¬ 
ence,  which  (hows  that  the  ett'cCt  of  a  third  found  is  moft  dif- 
tinctly  heard,  whenever  the  theory  leads  us  to  expert  it ;  but 
there  will  always  be  a  much  greater  portion  of  each  found  fo 
refle£ted  from  the  furrounding  objects  as  not  to  coincide  in 
direction  futticienlly  for  coalefcence,  and  hence  the  original 
notes  will  always  be  much  more  audible  than  the  new  com¬ 
pound.  The  ear  indeed  appears  to  have  greater  powers  of 
analyfis  than  one  would  naturally  have  expeCted,  it  decom*, 
pofes  a  “  compound'*  juft  as  if  it  were  a  mere  mixture/* 
not  only  in  this  cafe  but  in  many  others :  how  it  performs  this 
operation,  I  do  not  pretend  to  determine.  When  Mr.  Gough 
reprefents  me  as  maintaining  that  two  mufical  ftrings,  differ¬ 
ing  in  the  times  of  their  vibration,  and  happening  to  vibrate  in 
concert,  do  not  occafion  two  diftinCt  founds,  and  that  the 
waves  of  air  are  compelled  by  their  mutual  interference  to 
coalefce,  thereby  producing  a  new  fuccettion  of  pulfes,  con- 
dituting  a  ttngle  found  in  the'place  of  the  former;  his  expref- 
fions  tend  to  impute  to  me  an  opinion  which  could  only  be 
maintained  by  a  perfon  who  had  never  heard  a  ttngle  mufical 
compofilion,  or  ever  been  prefent  at  the  convocation  of  a 
mixed  company. 

I  am  not  felicitous  for  the  application  of  the  term  compound 
by  coalefcence,  to  the  human  voice  ;  but  Mr.  Gough  can 
fcarcely  form  to  himfelf  a  difiinCt  conception  of  it,  very  dif¬ 
ferent  from  mine.  A  mixture  of  imperfect  unifons  would  in¬ 
evitably  be  accompanied  by  the  production  of  beats;  and  if  he 
attert  that  the  imperfection  is  too  lmall  to  produce  this  efleCt, 

I  will  only  requett  him  to  attign  any  reafonable  limit  fo  its 
magnitude,  and  by  producing  the  note  long  enough,  I  will 
fnovy  that  a  beat  mutt  necettaiily  enfue.  Perhaps  a  wifh  to 
retain  the  Newtonian  theory  of  the  law  of  the  undulations  may 
have  led  him  into  tilde  fuperttuou;  refinements. 


If 
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If  Mr.  Gough  will  take  the  pains  of  examining  the  pheno-  The  phenomena 
rnena  of  the  grave  harmonics,  which  he  teems  to  have  hitherto  ionics' /hew 
thought  beneath  his  notice,  he  will  be  convinced  that  the  coa- that  mufical 
iefcence  of  mufical  founds  is  not  only  potlible,  but  of  very  fre-  founds  coaleic;e 
quent  occurrence,  and  that  the  compound  found  does  adtually  ftanccs. 

acquire  fenfible  properties  peculiar  tq  itfelf and  if  he  will 
explain,  in  any  other  manner  than  I  have  done,  the  indubita¬ 
ble  fa£t  of  the  audible  impreffion  of  the  prefence  of  the  fourth 
below  the  key,  in  confequence  of  the  coexidence  of  the  founds 
condituting  the  interval  of  a  major  third,  even  when  both  the 
notes  are  freed  from  their  harmonics,  and  when  all  echo  is 
avoided  ;  I  fhall  then  lilten  to  him,  with  the  attention  due  to  a 
perfon  who  endeavours  to  regulate  his  arguments  by  the  re? 
fults  of  accurate  obfervation. 

I  am.  Sir, 
with  great  refpedt. 

Your  obedient  humble  Servant, 

THOMAS  YOUNG. 

Royal  Injlitution,  May  30,  1802. 

CORRECTION. 

In  your  fifth  volume  (quarto)  p.  166,  I.  20,  for  w  a  better  third 
than  that,”  read,  <c  equal  to  the  third.” 


The  following  CORRECTIONS  made  by  Dr.  Young  in  his 
Paper  on  the  Mechanifm  of  the  Eye ,  which  is  inferted  in  our 
fifth  volume  (Quarto  Series)  were  omitted  to  be  made  in  their 
proper  places. 

Page  256,  line  6,  Prop.  III.  after  e,  iiifert  the  bafe  being  unity. 
Page  257,  line  15,  Cor.  10.  for  ntu ,  read  ntt\  line  16,  for 
product  See.  read  fquare  of  the  cofine  of  incidence. 

Page  258,  line  2,  Cor.  1 1 ,  for  1  -f-  u%  — •  2  u^,  read  2  m  u  u. 

Page  258,  Prop.  V.  Cor.  See  the  note  in  p.  299. 

Page  259,  Prop.  VJII.  By  a  miftake  of  a  fign,  the  eighth  propo¬ 
rtion  is  rendered  erroneous  5  no  ufe  having  been  made  of  that  pro- 
pofition,  it  has  been  inferted  without  proper  revifion.  It  ought  to 
(land  thus,  with  its  demonllration  : 

Proposition  VIII.  Problem. 

To  find  the  path  of  a  ray  of  light  falling  obliquely  on  a  fphere, 
of  a  refractive  denfity  varying  as  any  power  of  the  diltance  from  the 
centre. 


The 


126' S 


MECHANISM  OK  THE  EYE,  &C. 

The  refractive  denfity,  in  the  fenfe  of  thefe  propofitions,  varief 
as  the  ratio  of  the  fines,  and  as  the  velocity  of  light  in  the  medium. 

i 

(Schol.  2.  Prop.  I.)  Let  the  velocity  at  the  diltanGe  x  be  x  ’  > 
then,  confidering  the  refractive  force  as  a  fpecies  of  attraction,  wc 


have,  in  Prop.  4  1.  1.  1.  Princip.  \ZABF  D  zr  x  r  ,  Qjn  s,  the 


fine  of  incidence,  the  radius  being  unity,  Z  z z  sx  ,  D  c  zz 

s - ^ 


.i 

z 


2  a:  at  yj  x~  r_ =  1 1  x 


the  fluxion  of  the  area  deferibed  by  the  radius  zz  I  s  x 


and 


i 

- a 

r 


x ,  1  —  Sx  X 


2 

- 2' 

r 


V* 


.  Let  the  fine  of  the  inclination  to  the  radius 


r 

at  each  point  be  called y  \  then  y  zz  s  x 


i 

- 1 

r 


y  = 


- 2 

J  —  r  r 


sx 


x ,  and  the  fluxion  of  the  area  zz  - — y  .  f — yy\  z ,  of  which 


the  fluent  is  — - - Y ,y  being  the  line  of  the  arc  Y  j  and  the  angle 

2  7 


correfponding  is— -  Y.  The  value  of  that  angle  being  found  for 

any  two  values  of  x  or y,  the  difference  is  the  intervening  angle  de¬ 
feribed  by  the  radius.  This  angle  is  therefore  always  to  the  dif¬ 
ference  of  the  inclinations  as  r  to  r —  1,  and  the  deviations  is  to 
that  difference  as  1  to  r —  1. 

Corollary.  Hence,  in  the  paffage  to  the  apfis,  and  the  return  to 
the  furface,  the  deviation  is  always  proportionate  to  the  arc  cut  off 
by  the  incident  ray  produced  :  therefore  fuch  a  fphere  could  never 
colleCt  parallel  rays  to  any  focus,  the  lateral  denfity  being  too 
fmall  towards  the  furface. 

Page  259,  line  9,  for  but  the  two  laft,  &c.  read  the  feventh  may 
either  be  deduced  from  the  eighth,  or  may  be  demonftrated  inde¬ 
pendently  of  it. 

Page  264,  laft  line,  after  internally,  infert  Or,  if  a  lens  of  equal 
mean  dimenflons,  and  equal  focal  length,  with  the  crystalline,  be 
fuppofed  to  confift  of  two  fegments  of  the  external  portion  of  fuch  a 
fphere,  the  refraCtive  denfity  at  the  centre  of  this  lens  mull  be  as 
U  to  17. 


XI.  Experiments 
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XI. 


Experiments  on  the  Velocity  of  Air  ijfuing  out  of  a  VeJJ'el  in  different 
Circumjlances;  zvith  the  Defeription  of  on  lnfrument  to  meajure 
the  force  of  the  Blajl  in  Beltons,  fyc.  By  .1  Ir .  Banks,  Left urer 
in  Natural  Bhilofophy  *. 

The  object  of  this  inquiry  may  be  announced  in  the  fob  Prepofitlon.  Ta 

lowing  proportion:  If  an  elallic  fluid  is  generated  in  a  given dotqmijie  dis 
°  1  1  •  _  .  °  .  °,  mechanic  force 

veil'd,  or  any  way  contained  in  it,  and  at  liberty  to  ifliieout  of  the  or  reaction  of  an 
laid  vetlel  through  a  given  aperture,  to  determine  the  reliftance^,a.^c  1P0UCmU 
which  the  vetlel  meets  with  from  its  action,  or  the  power 
which  it  has  of  communicating  motion  to  the  vetlel,  as  in  a 
Iky-rocket,  Sadler's  fleam  engine,  &c. 

Before  we  proceed  to  relate  the  experiments,  it  may  be  All  uniform 


If 


fluids  flow  from 


proper  to  premife  certain  principles  deduced  from  theory,  i,  ^  ori^cc 
a  tube  be  filled  with  any  kind  of  fluid,  as  air,  icater,  mercury,  the  fame  velocity 
&c.  and  placed  in  a  vacuum,  every  fluid  will  flow  out  with  the1?  ?*CN0*  cae,r 
fame  velocity.  For  though  the  pretfure  of  a  column  of  mer-  however  differ- 
cury  of  a  given  altitude  be  much  greater  than  an  equal  column  ent  their  (lenh“ 
of  water,  yet  the  weight  of  the  particles  to  be  proje<5ted  is 
greater  in  the  fame  ratio.  On  the  other  hand,  if  air  is  lighter 
than  water,  the  particles  projected  are  alto  lighter  in  propor¬ 
tion.  If  a  tube  of  16  feet  high  be  tilled  with  air  of  any  den- 
fity,  that  air,  like  water,  would  flow  into  a  vacuum  with  a 
velocity  of  32  feet  per  fecond,  no  corrections  being  made  for 
retitlance  f . 

And  if  we  take  the  gravity  of  air  to  water  as  1  to  840,  then  Equal  velocities 
a  column  of  one  foot  of  water  comprefling  air,  will  produce  as™11  be  Prnciuce<* 

i  •  -i  •  i  r  *  /•  i  •  i  !n  one  muing 

great  a  velocity  m  thal  air  as  a  column  ol  air  840  feet  high,  quid  by  the 
fuppoting  it  was  of  uniform  denfity.  prefiure  of  an- 

If  we  take  the  whole  preffure  of  the  atmofphere  equal  to  height  of  the 
53  feet  of  water,  or  its  height  (fuppoting  it  to  be  equally  denle,  former  to  that 

of  the  latter, 

*  From  the  Manchefter  Memoirs,  Vol.  V.  p.  398.  jnVtbrlcb 

/  1  its  denfity. 

F  In  the  fuppofition  of  a  perpendicular  tube  open  at  the  top,  filled 
with  air  or  any  elallic  fluid,  the  author  takes  the  denfity  of  the  co¬ 
lumn  at  the  bottom,  or  where  the  aperture  is  made,  to  arife  folely 
from  the  weight  of  the  elallic  column  j  and  the  altitude  to  be  that 
which  would  be  if  the  whole  column  were  reduced  to  the  denfity  of 
that  at  thfi  bottom, 


which 
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The  atmofphere 
prefi'es  equal  to 
33  feet  of  water, 
or  27720  feet  of 
air.  Jt  would 
therefore  propel 
air  into  a  va¬ 
cuum  with  the 
velocity  due  to 
this  fall :  vim, 
V/l6:-\/2  7720 
::  32  ft  et :  1332 
feet  per  fecond. 
Ex  peri  merits. 

Air  is  compief- 
fed  in  a  veflel 
by  a  known 
height  of  water  : 


which  in  this  cafe  will  make  no  difference)  equal  to  33  multi¬ 
plied  by  8  tO,  or  27720  feet;  then  as  the  fquare  root  of  16  is  to 
32,  the  velocity  at  the  depth,  fo  is  the  fquare  root  of  27720  to 
1332  feet  per  fecond,  the  initial  velocity  of  the  atmofphere  in¬ 
to  a  vacuum. 

To  prove  whether  air  Comprcffed  by  33  feet  of  water  would 
be  impelled  into  the  atmofphere  with  the  above  velocity,  I 
have  made,  amongft  many  more,  the  following  experi¬ 
ments  : 

A,  plate  xiv.  fig.  I  *,  is  a  velfel  of  a  known  capacity,  info 
the  to'j  of  which  is  ferevved  an  aperture  of  a  known  area. 
The  tube  'I'd,  recurve  at  d,  is  foluered  or  ferewed  into  the 
top  of  the  faid  velfel.  The  hole  a  is  ftopped,  and  water  poured 
into  the  tube  at  T  till  it  is  full,  at  which  time  a  quantity  of 
water  will  have  palled  out  of  the  tube  atd,  and  condenfed  the 
air  in  the  velfel,  more  or  lefs  as  the  tube  T  d  is  longer  or 
fhorter. 


and  fuffered  to  At  this  time  a  perfon  who  has  clofed  the  aperture  at  a  with 
niue  through  an  a  fjnp-cr  0f  one  hand,  anti  held  a  half  fecond  pendulum  in  the 

known  dimen-  other,  removes  both  at  the  fame  time,  while  at  the  fame  mo¬ 


tions.  Its  ve¬ 
locity  is  known 
from  the  quan¬ 
tity  and  the 
time. 


ment  an  allillant  opens  a  cock  over  the  tube  T,  which  fupplies 
it  with  water  as  lall  as  it  can  defeend  into  A.  The  moment 
that  the  water  appears  at  a,  the  time-piece  is  flopped,  and  the 
time  ofcxpelling  the  air  is  noted,  from  which,  by  knowing  the 
capacity  of  the  velfel,  the  velocity  may  be  obtained. 

If  the  tube  Td  lliould  be  continued  near  the  bottom  of  the 


velfel  A  while  it  was  filling  with  water,  the  length  of  the  com- 
prclling  column  would  be  gradually'  diminifhing,  and  of  confe- 
qucnce  the  prelfure  would  be  con  ft  an  tly  changing;  hence  the 
open  end  of  the  tube  is  as  near  the  top  of  the  velfel  as  is  confif- 
tent  with  a  free  palfage  for  the  water. 


EXPERIMENTS. 

The  velfel  A  contained  1 5  lb.  6  oz.  of  water,  from  which  we 
find  its  capacity  is  425. 08S  cubic  inches. 

The  area  of  the  aperture  a,  through  which  the  air  is  expelled, 
.0046  inches. 

*  There  being  no  figure  in  the  Tranfaftions,  I  have  inferted  the 
drawing  referred  to;  N. 


Expcr . 
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r.xpa'\  I.  The  altitude  of  T  above  the  veflel  is  30  inches.  Experiment  I. 

Time  of  expelling  the  air,  by  feveral  trials,  is  33  leconds.  a  ^  of  33 

/ft per.  II.  The  altitude  of  T  is  fix  feet.  The  time  of  tilling,  Experiment  1J 

by  feveral  trials,  is  21.3  leconds.  with  a  fall  of  71 

In  the  firfit  experiment.  425.088,  the  folidity  of  the  veflel,  "cs‘  . 

divided  bv  .004b,  the  area  of  the  hole  «,  gives  92410*4  inches  the  fir  ft  expert 

lor  the  length  of  the  ftream  of  air  driven  out  in  33  feconds ;  m”T  Sives  ac- 
....  0  ,  tual  velocity  per 

divide  that  length  by  33,  and  vve  (ball  have 233.3  feet,  the  ve-fcc.  _  233.3 

locityper  fecond,  communicated  by  80  inches  of  water.  ^et> 

Thefeeond  experiment  by  the  fame  proceis  gives  361.6  Icet  and0f  tjle pec  ,nd 
per  fecond.  If  vve  would  compare  thefe  together,  vve  may£lves  3 6 1* 6  per 
fay,  as  the  fquare  root  of  30,  the  head,  is  to  233.3,  the  velo¬ 
city  ;  fo  is  the  fquare  root  of  72,  the  fecond  head,  to  361.8 
feet,  the  velocity  per  fecond. 

Again  : — As  the  fquare  root  of  6  feet  is  to  361.6,  fo  is  the  wjiencc  the 
fquare  root  of  33  feet  to  845.2  feet  per  fecond,  the  velocity  locitv  of  air  from 
produced  by  that  head,  or  the  initial  velocity  with  which  the  .the  atm°fpher<y 
atmolphere  would  enter  a  vacuum.  This  velocity,  found  by  computed,  and 
experiment,  is  487  feet  per  fecond  lefs  than  has  been  afligned  !i.urns  out  t0 

,  r  .  1  845.2  inftead  of 

by  theory.  1332  feet,  as  by 

It  appears  however  that  the  refults,  as  determined  by  the*  theory, 
ory  and  experiment,  do  not  differ  more  than  in  the  cafe  of  efflu-  correct eVby1  the 
ent  water.  For,  if  we  would  reduce  the  velocity  of  effluent  multiplier  given 
water  found  by  theory,  to  that  which  experience  gives,  we  fjr  effluenAva 
mufi  multiply  it  by  .634.  Accordingly,  if  vve  multiply  1332  ter,  proves  to  be 
feet,  the  velocity  of  the  atmofphere  entering  a  vacuum  as  cal-VCf^  C  )r;e<^* 
culated  above,  by  .634,  the  product  is  844.5  per  fecond,  differ¬ 
ing  but  To  °f  a  fool  from  that  juft  found  by  experiment. 

I  have  alio  made  experiments  by  finking  veflel s  in  water,  till  Experiments 
their  tops  were  even  with  its  lurface,  and  opening  the  aperture  Wlth  nlinS  wa- 
that  the  riling  water  might  expel  the  air,  by  which  I  obtained 
the  fame  velocities  as  above;  but  the  method  of  computing  is 
much  more  intricate,  for  which  reafon  I  lhall  not  infertthem. 

From  the  above  it  appears,  that  a  prelfure  equal  to  33  feet  General  refult: 
of  water,  will  expel  air  out  of  the  bellows  into  the  atmofphere 
with  a  velocity  of  845  feet  per  fecond  ;  that  one  foot  ol  water 
in  depth  will  produce  a  velocity  of  147^  feet,  and  one  inch  a 
velocity  of  42  feet  per  fecond,  or  20  miles  an  hour. 

Hence  vve  may  conftruct  a  table  filewing  the  velocity  com-  applied  to  the 
municated  to  air  bv  any  head  of  water:  for  as  the  fquare  rootconftru<a:jon  0<r 

tables  for  efflu - 
ent  air  prefied  by 
water ; 
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of  6  feet  is  to  the  velocity  produced  by  that  head,  fo  is  the 
fquare  root  of  any  other  depth  to  the  velocity  produced  by  that 
depth. 

w  in  bellows,  We  may  alfo,  from  the  above,  conftruct  an  inftrument  which 
will  fhew  the  velocity  with  which  air  flows  out  ot  any  kind  oi 
bellows,  with  as  much  accuracy,  as  the  experiments  have  been 
made  on  which  its  conftruction  depends. 


by  means  of  an 


Defcription  of  (he  Inftrument,  See. 

The  metal  box  or  tube  B,  plate  xiv.  fig.  2,  may  be  about 


inftrument  here  the  tize  of  the  figure;  the  top  muft  be  made  air  tight  by  the 
dC^K table  vctfel'  cover  T;  into  the  bottom  is  fixed  the  final!  tube  A  C,  and  into 


a  po 


the  piece  D  is  cemented  the  glafs  tube  E  D  ;  the  inftrument  is 

c  1  © 

tL,r’. tJ  L  <>r:n’  then  inverted,  and  fome  water  poured  through  the  tube  A  C, 
gage  tube;  till,  when  in  its  proper  polition,  it  is  vitible  at  D.  It  is  now 
ready  for  life,  and  the  end  A  mav  be  fixed  in  a  hole  made  in 
the  upper  board  of  the  bellows,  and  the  water  will  rife  in  the 
glafs  tube,  in  linithds  bellows,  generally  from  9  to  12  inches, 
furnace  bellows,  generally  four  feet  or  more.  But  where  the 
comprefiion  is  great,  quickfilver  may  be  ufed  infiead  of  water, 
only  in  this  cate  the  inftrument  thould  be  made  of  iron,  as 
quickfilver  can fes  the  ferews  of  brafs  to  break.  Or,  inftead  of 
quickfilver,  the  tube  F.  D  may  be  fealed  at  the  top  E,  and  t lien 
a  length  of  12  or  18  inches  will  be  enough  for  any  blaft.  The 
glafs  tube  needs  not  be  more  than  one -eighth  or  one-tenth  of 
an  inch  in  diameter. 

Whatever  comprefiion  there  may  be  in  the  bellows,  there 
will  be  the  fame  in  the  upper  part  of  the  tube  B,  which  will 
force  the  water  into  the  glafs  tube  D  E,  and  make  the  air  in  its 
upper  part  of  the  fame  denfitv,  deducting  from  the  comprefling 
force  the  altitude  of  the  water  railed  above/),  which  however 
will  be  of  little  or  no  importance;  if  the  gauge  is  placed  in  a 
horizontal  polition,  with  the  glafs  tube  downward,  there  will 
be  no  difference  of  denfity. 

or  the  tube  may  f he  computation  for  the  force  in  the  cafe  where  a  tube  her- 
Le  hermetically  metlcally  fealed  at  the  top  is  adopted  in  the  inftrument,  will  be 
effected  by  confidering  that  the  fpace  occupied  by  any  elaftic 
fluid  is  inverfely  as  its  force.  Thus,  let  the  tube  be  12  inc  hes 
long,  and  fuppote  the  Water  to  be  railed  one  inch,  then  it  will 
be  11  :  12::  the  force  of  the  atmofphere  :  the  force  of  the  air 
in  the  lube  ::  1  :  1ttt.  Hence  a  fcale  may  be  adapted  to  the 

inftrument. 
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inftrument,  to  exprefs  the  force  of  condenfation  over  and  above 
the  common  atmofpheric  preflure;  which  force  is  fignified  in 
the  inftance  above,  by  the  fra£tion  T*T,  unity  being  the  atmo¬ 
fpheric  preflure.  If  we  denote  the  atmofpheric  pretfure  by  30 
inches  of  mercury,  or  32  feet  of  water,  then  the  force  in  the 
above  example,  will  be  expreffed  by  2.727  inches  of  mercury, 
or  2.91  feet  of  water  ;  and  the  like  for  any  other  inftance. 

If  a  mercurial  inftrument  of  the  above  conftruction  be  pre-  If  mercury  be 
ferred,  it  becomes  neceflary  to  add  the  height  of  the  mercurial  its  denfity 

J  °.  ,  muitbeconfi- 

column  to  the  force  found  as  above  :  thus,  it  the  condenfation  dered  in  the 
of  air  be  from  12  into  9  inches,  then  the  addition  to  the  force  ftort  znfl.ru« 
of  the  internal  air  in  the  tube  is  equal  to  ■},  or  10  inches  of  mer¬ 
cury,  to  which  muft  be  added  the  three  inches  raifed  in  the 
tube,  and  the  whale  force  will  be  13  inches  of  mercury,  exclu- 
live  of  that  of  the  attnofphere. 

This  fort  of  inftrument  or  gauge  ferves  equally  well  for  find-  General  apply¬ 
ing  the  expanfive  force  of  any  kind  of  elaftic  fluid,  as  for  mea-  tloa  t0 
furing  the  velocities  with  which  they  iflue  out  of  the  place  of 
flieir  confinement.  It  may  be  applied  to  all  kinds  of  bellows, 
to  condenfed  fteam,  and  to  the  air  pump. 


XII. 


On  the  Variation  of  Rate  in  a  Time-Piece,  as  indicated  by  the 
Changes  in  the  Arc  of  Vibration.  In  a  Letter  from  Mr. 
Ezekiel  Walker. 


To  Mr.  NICHOLSON. 


SIR,  Lynn ,  July  20,  1802. 

From  what  I  have  already  mentioned  in  a  former  paper  *, 
it  follows,  that  in  clocks  ufed  in  making  aftronomical  obferva- 
tions,  it  is  neceflary  to  obferve  the  afe  of  vibration  very  fre¬ 
quently,  and  when  it  is  found  different  from  that  generally  de- 
fcribed  by  the  pendulum,  the  rate  of  the  clock  muft  on  this  ac¬ 
count  be  corrected. 

To  determine  this  correction,  let  x  denote  the  time  which  a 
pendulum,  vibrating  in  an  arc  exceedingly  fmall,  will  lofe 
when  made  to  vibrate  in  a  larger  arc  of  the  fame  circle,  T  the 

*  See  pa.  76  of  this  vol. 
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Expediency  of 
frequent  obfer- 
vation  of  the  arc 
of  vibration  in 
clocks. 


Rule  for  de¬ 
ducing  the  vari¬ 
ation  in  time 
from  that  of  the 
arc, 
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variation  of  rate  in  a  time-piece, 

number  of  fcconds  in  24  hours  (86400),  and  D  the  number  of 
degrees  described  on  each  fide  of  the  perpendicular  *. 

D4 

Then  x  rs  T  x  -  nearly.  Confequently  x  =  Dx  x 

52480 

I  <6463  nearly. 

From  the  above  theorem  the  following  table  was  computed, 
which  thews  the  time  loft  by  a  pendulum  in  24  hours,  by  in- 
creafing  its  femi-arc  of  vibration  in  the  fame  circle  1'  of  a 
degree. 


Table  of  vibra- 

Half  the  arc 

of 

Lofes  per  day  of 

# 

Lofes  per  day  on 

tions,  and  corref- 

vibration  of 

a 

a  pendulum  vi- 

increasing  its  fe- 

pondent  lofsfrom 

pendulum  in 

a 

brating  the  lead 

Difference. 

mi-aic  of  vibra- 

their  increafe. 

circle. 

arc  poflible. 

tiuni'of  a  degree. 

0° 

O/'O 

0/T 

,006 

0  i 

0,  1 

0,  3 

,020 

o  i 

0,  4 

0,  5 

,033 

0  * 

0,  9 

0,  7 

,046 

1 

1,  5 

0,  9 

,060 

1  i 

2,  5 

1,  2 

,080 

1  i 

3,  7 

I,  3 

,086 

i  i 

5,  0 

1,  6 

,  107 

2 

6,  6 

I,  7 

,113 

2  1 

8,  3 

2,  0 

,  133 

2  1 

x  2. 

10,  3 

2,  1 

,140 

2  - 

12,  4 

2,  4 

,  160 

3 

14,  8 

2,  6 

,173 

3  i 

17,  4 

2,  8 

,  187 

3  I 

20,  2 

3,  0 

,200 

3  i 

J  4 

23,  2 

i 

4 

26,  3 

3,  2 

,213 

*  < 

*  Simplon’s  Fluxions,  Art.  464. 
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The  ufe  of  this  table  will  be  eafily  underftood  by  the  follow¬ 
ing  examples. 

EXAMPLE  L 

Suppofe  a  clock  goes  mean  folar  time  when  the  pendulum  Examplest 
vibrates  2Q  on  each  fide  of  the  perpendicular,  what  will  it  lofe 
per  day  when  the  pendulum  vibrates  through  an  arc  of  three 
degrees  ? 

Againft  2°  and  3°  in  the  firfp  column,  we  have  6/6  and 
1 4/8  refpe&ively  in  the  fecond  column.  Then  14/8  —  6/6 
=  8/2  =  the  time  loft  per  day. 

EXAMPLE  II. 

Suppofe  a  clock  gains  \"  per  day,  when  the  pendulum  vi¬ 
brates  1  °  49'  on  each  fide  of  the  perpendicular,  what  would 
be  its  rate  when  the  pendulum  vibrates  1°  5]'? 

Between  1°^  and  2°  in  the  firft  column,  we  have  /107  in 

the  fourth  column.  Then  V' —  /  1 07  x  2  ==0/786  =  the 
daily  rate  of  the  clock  gaining. 

I  am,  with  refpedt. 

Sir, 

Your  humble  fervant, 

E.  WALKER. 

ANNOTATION. 

The  arc  of  vibration  in  clocks  is  likely  to  be  affe&ed  in  Whether  theory 
pradtice  by  changes  in  the  denfity  of  the  air,  in  its  tempera-  can  be  applied  to 
ture,  and  in  the  a£tion  of  the  firft  mover;  and  thefe  caufes  will  compounded  asac 
moft  probably  afford  refults  confiderably  different  from  thofeclock> 
inferred  from  the  fimple  pendulum  in  vacuo.  I  take  it  to  be 
experimentally  afeertained  by  the  regifters  of  the  performance  * 
of  aftronomical  clocks  very  firmly  fixed,  that  the  gridiron  pen¬ 
dulum,  with  a  very  flexible  fpring  fufpenfion,  is  not  fenfibly 
affe&ed  during  the  different  ftations  of  the  barometer  and  ther¬ 
mometer;  and  I  apprehend  that  the  firft  mover,  if  a  weight, 
mull  operate  either  with  a  conftant  force  or  with  periodical 
variations,  occaftoned  by  the  train  or  mechanifm  through  which 
its  a<5tion  is  tranfmitted,  the  influence  of  oil,  &c.  which  periods 
are  rendered  fhorter  by  the  well  known  methods  ofdilengaging 
the  efcapement,  or  parts  neareft  the  pendulum.  Many  other 
confiderations  will  offer  themfelves  to  the  learned  author,  as  to 

T  2  the 
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Utility  of  de- 
fcriptions  of  phi 
lofophical  in- 
ftruments. 


Spec.  gr.  only 
criterion  of  the 
ftrength  of  fpi- 
rits. 


thofe  parts  of  the  vibration  to  which  the  maintaining  power  me iy 
be  applied  fo  as  to  increafe  the  arc,  while  the  time  may  be 
either  lengthened  or  fhortened  according  to  the  circumftances, 
the  general  nature  of  the  efcapement,  & c.  and  thefe  will  pro¬ 
bably  lead  to  a  conclulion,  that  the  corrections  of  time  to  be 
applied  to  a  clock,  which  either  in  its  arc  of  vibration  or 
other  wife  gives  fymptoms  of  irregularity,  can  be  gained  only 
from  direct  obfervation. 

W.  N. 


XIII. 


Dcfcription  of  Atkins’s  Hydrometer  for  afeertaining  the  fpecific 

Gravities  of  fpirituous  Liquors.  By  J.  Fletcher,  Efq. 

Communicated  by  the  Author. 

AmONGST  the  various  papers  which  are  to  be  found  in 

i 

the  works  of  thofe  journalifts  who  have  fo  materially  contri¬ 
buted  to  the  advancement  of  our  knowledge,  there  are  perhaps 
but  few  which  have  been  more  effectually  conducive  to  this 
end  than  thofe  which  are  appropriated  to  the  defeription  of  the 
inftruments  of  fcienct.  It  is  indeed  much  to  be  lamented, 
that  the  merchant,  the  manufacturer,  and  the  artizan,  fliould 
continue  to  be  fo  generally  deprived  of  the  advantages  to  be 
obtained  from  the  ufe  of  fuch  of  them  as  are  adapted  to  their 
purpofes,  for  want  of  the  neceffary  information  with  regard  to 
the  mode  of  applying  them. 

The  inftrument  which  is  here  intended  to  be  deferibed,  is 
one  of  thofe  which  ftand  in  a  great  meafure  in  this  predica¬ 
ment;  and  as  it  appears  very  well  to  deferve  a  defeription,  it 
is  conceived  that,  imperfect  as  the  following  one  is,  it  will  not 
be  unacceptable. 

It  is  now'  univerfally  acknowledged,  that  the  fpecific  gravi¬ 
ties  of  fpirituous  liquors  afford  the  only  tolerable  criterion  of 
their  ftrength,  and  confequently  of  their  comparative  values. 
Toafcertain  the  fpecific  gravity  of  a  liquid  with  a  confiderable 
degree  of  precilion,  is  an  operation  of  no  great  difficulty.  The 
mo  ft  accurate  method  of  performing  it  is  perhaps  that  which  is. 
alfo  the  fimpleft:  to  weigh  the  fluid  in  a  veffel  in  which  its 
bulk  is  capable  of  being  nicely  mealured.  Much  more,  how¬ 
ever. 
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ever,  remains  to  be  clone  in  order  to  the  efiimation  of  the  Correftions  ne- 
flrengths  of  ipirtuoas  liquors:  the  contraction  of  the  mafs  of  a  t0  be  ap" 
compound  ol  alcohol  and  water  on  their  mixture,  and  the  va-  for  concentration 
riation  in  its  mealure  in  refpecl  of  temperature,  are  each  of3  tcmPeratulL* 
them  ot  fufficient  practical  importance  to  render  their  apprecia¬ 
tion  neceffary  when  the  value  of  the  fpirit  is  to  be  difcovered. 

T  hus  for  example,  18  gallons  each  of  alcohol  and  water  will  Parts  eacb 
j  ,  .  „  ,,  »  ,  ,  ,  .ale.  and  water 

produce  only  Sj  gallons  of  the  compound,  and  a  difference  ol  produce  only  35 

S0°  in  temperature  of  Fahrenheit's  fcale,  occafions  fuch  a  of  the  mixture. 

change  in  the  fpecific  gravity  of  proof  fpirit,  as,  if  omitted  to 

be  taken  into  con fi deration,  would  render  the  dealer  liable  to  cations  a  change 

an  error  ol  upwards  of  ten  per  cent,  in  the  efiimation  of  its  the^p^renc 
flrength  and  confequent  value.  flrength  of 

In  commercial  tranfaclions  with  refped  to  fpirituous  liquors,  ^ro  ‘  _. 

..  ...  r  1  ...  '  commercial  eft]- 

jt  15  neceffary  to  appreciate  their  flrength  by  comparing  it  with  mation  of  value 

that  of  Ipirit  of  a  certain  fuppofed  quality  in  this  refpect  as  a  ot  Fpiricuoiia 

ffandard.  This  ffandard-fpirit  (which  is  called  proof-fpirit J  is  ^  * 

of  fuch  a  degree  of  flrength  that  its  fpecific  gravity  is  about 

.920  at  60°  of  Fahrenheit's  thermometer ;  and  the  objedt  of 

enquiry  in  all  cafes  is  with  regard  to  the  quantity  of  this  proof  b-v  c°mparifoa 

fpirit  which  would  be  equivalent  to  a  given  quantity  of  any  ^1^°° 

fpirit  under  examination.  The  language  of  the  fpirit-dealers  Definition  of 

with  refpedt  to  their  terms  of  “  over-proof”  and  "  under-proof”  c'^oor^Zd 

has  in  all  cafes  this  kind  ol  reference  to  commercial  value.  <c  under-proof.” 

When  they  fay  that  a  certain  kind  of  fpirit  is  30  per  cent,  over 

proof,  they  mean  that  if  100  parts  by  meafure  be  increafed  to 

130  by  the  addition  of  water,  it  will  become  of  proof  flrength  ; 

and  when  they  fay  that  it  is  30  per  cent,  under  proof,  they 

mean  that  70  parts  by  meafure  of  proof-fpirit  will  become, 

when  increafed  to  100  by  the  addition  of  water,  of  equal 

flrength  to  that  of  the  fpirit  in  queffion.  If  therefore  a  gallon  of 

proof  fpirit  be  worth  8s.  4d.  the  fame  quantity  of  the  former 

kind  of  fpirit  will  be  worth  10  s.  lOd.  and  of  the  latter  5s.  lOd. 

It  is  not  therefore  fufficient  for  the  purehafer  of  a  fample  of 
fpirit,  or  the  officer  who  is  to  colled  the  duties  on  it,  to  be  in¬ 
formed  of  its  fpecific  gravity  at  a  given  temperature  :  it  is  ne-  The  defideratum 
ceffary  for  him  to  afeertain  the  quantity  of  proof-fpirit  which  is  jf  ty  fijldtche 
capable  of  producing,  or  being  produced,  by  (he  fpirit  in  queffion  thy  of  proof- 
by  the  addition  of  water  only,  and  which  is  confequently  equi-  fPirit* 
valent  to  it  in  value. 


with  a  fliding- 
rule. 

The  latter  moll 
eligible. 
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Calculation  in-  The  folution  of  this  problem  being  alrnoft  impoflible  by  any 
*urpofeblC  t0  th5S  aPP^ca^on  °f  mathematical  formulae.,  it  is  of  courfe  defirable 
to  be  enabled  to  obtain  it  inftrumentally,  or  by  infpedlion  of 
ence  tables  previoufly  laid  down  from  experiment;  and  the  ufe  of 
the  latter,  under  fuch  circumllances  as  thofe  in  which  opera¬ 
tions  of  this  kind  are  generally  performed,  having  been  found 

Inftru mental  inconvenient,  its  inftrumental  folution  has  been  univerfally  pre- 
folution  prefer-  ...  J  r 

able.  ferred.  This  has  been  attempted  principally  in  two  ways :  by 

The  hydrometer  f_he  hydrometer,  with  a  multiplicity  of  weights  adapted  to  the 
weights,  ^  various  corredtions  for  temperature;  and  by  the  lame  inftru- 
ment  more  limply  confiruded,  fo  as  to  indicate  merely  the 
fpecific  gravity  of  the  liquor;  the  necelfary  corredions  being 
applied  by  a  fcale  or  Hiding-rule. 

The  inllrument  here  to  be  fpoken  of  is  conltruded  on  this 
latter  principle,  which  appears  for  many  reafons  to  be  the  belt : 
Dcjcnpnon  of  The  hydrometer  A  B  (pi.  XV.  fig.  3)  is  of  brafs.  It  is  eight 
meter.  inches  in  length,  with  an  elliptical  bulb  an  inch  and  a  half  in  ( 

Square  ftem,  diameter,  and  two  inches  long.  The  Item  is  fquare,  each  fide 
of  the  alphabet  being  about  -J-  of  an  inch  wide,  and,  when  the  inllrument  is  in- 
on  one  face,  tended  for  fuch  liquors  only  as  are  fpecifically  lighter  than 
water,  is  engraved  only  on  one  face  with  the  26  letters  of  the 
alphabet,  and  an  O,  or  zero,  at  the  top  and  bottom  ;  oppofite  to 
each,  and  between  every  two  of  which,  is  a  divifion  for  mark¬ 
ing  the  point  of  the  Hem  which  is  cut  by  the  furface  of  any 
liquor  in  which  it  floats,  the  whole  number  of  divifions  being 
55 ,  as  Ihewn  in  the  plate.  The  weight  of  the  inllrument  is 
about  400  grains,  and  it  is  provided  with  four  weights,  mark¬ 
ed  1,2,  3,  4,  weighing  refpedively  20,  40,  61,  and  84  grains, 
to  be  applied  as  occafion  requires  on  the  lliank  of  the  inllru¬ 
ment  C,  op  which  they  are  retained  by  the  button  or  fixed 
When  it  emerges  weight  g.  Tfiefe  weights  are  foadjufled,  that  when  with  any 
one  weight,  the  one  of  them,  as  lorinnance  No.  2,  the  Item  oi  the  initrument, 
next  heavier  when  floating  in  a  given  liquor,  juft  emerges  to  the  lower  divi- 
top of  theVem.  fton  O,  it  will,  on  changing  the  weight  for  the  next  heavier. 
No.  3,  become  immerfed  exactly  to  the  other  divifion  O,  to- 
wards  its  fuperipr  extremity.  The  Hem  is  by  this  means  virtu- 
effeft  multiplied  ally  extended  to  five  times  its  real  length,  and  the  number  of 

,bv  5;  divifions  in  effect  augmented  to  272.  Thus  without  any  weight 

With  the  n  .  J  ° 

ights  fmgly  at  all,  as  reprefented  in  the  figure,  it  would 'fink  in  a  liquor 


and  four 
weights. 


wen 


applied,  indicates  whofe  fpecific  gravily  was  .806,  exactly  to  the  upper  divifion 

fpecific  gravity  1  °  J  4 

from  .806  t(£  ^  'A* 
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^5,  and  in  one  whofe  fpecific  gravity  was  .S  43,  to  the  lower 
divifion  O  ;  the  intermediate  divifions  anfwering  to  interme¬ 
diate  fpecific  quantities.  With  No.  1,  it  indicates  fpecific 
gravities  from  .84-3  to  .8S0;  with  No.  2,  from  .880  to  .918  ; 
with  No.  3,  from  .918  to  .958  ;  and  with  No.  4,  from  .958  to 
1.000;  the  furface  of  water  in  which  the  inftrument  is  made 
to  float  with  the  latter  weight,  exactly  coinciding  with  the 
lower  O,  at  55°  of  temperature. 

The  whole  interval  from  ,806  to  1.000,  comprehending  the 
fpecific  gravities  of  all  fpirituous  compounds,  is  in  this  manner 
divided  into  five  nearly  equal  portions,  each  of  which,  com¬ 
prizing  from  .038  to  .040,  is  meafured  by  the  whole  length  of «ach  length  of 
the  ftem  ;  fo  that  each  of  the  54  intervals  on  its  face  corref-  to about^olp 
ponds  to  confiderably  lefs  than  an  unit  in  the  third  place  of  the  ansi  each  divi- 

/pecific  gravity,  and  indicates  a  difference  of  about  one  half  ^on  tu  le/s  thaT1 
1  °  J  >  __  4  .ooi  mfpec.gr. 

per  cent,  or  two  quarts  in  100  gallons,  in  the  quality  of  the  or  \  per  cent,  in 
compound,  and  the  inftrument  is  therefore  abundantly  fen- 
fible  to  very  minute  variations  in  thefe  refpe<5ts. 

With  regard  to  the  application  of  the  weights,  no  error  can 
poflibly  be  committed.  If  the  inftrument  floats  in  any  liquor, 
fo  that  its  furface  cuts  any  part  of  the  ftem,  it  is  properly 
loaded.  Any  weight  but  the  proper  one  will  either  link  it 
entirely,  or  luffer  the  ftem  to  rife  totally  above  the  fluid. 

The  fpecific  gravity  indicated  by  any  divifton  on  the  ftem  Spec.  gr.  indi- 
of  the  hydrometer,  is  feen  inftantly  by  reference  to  a  Aiding-  cated  by  the^di- 
rule  belonging  to  it,  whofe  two  faces  are  fhewn,  plate  XV.  f»em  compared 
fig.  2  and  3,  on  which  the  lines  of  divifions  A  A,  A  A,  marked  the  rule, 
with  the  letters  of  the  alphabet,  reprefent  thofe  on  the  inftru¬ 
ment  when  loaded  with  the  weight,  whofe  number  is  marked 
over  the  O  at  the  commencement  of  each  feries,  and  the  exte¬ 
rior  lines  of  divifions  B  B,  B  B,  near  its  edges,  fhew  the  corref- 
ponding  fpecific  gravities  compared  with  that  of  water  at  55°. 

In  order,  however,  to  afcertain  the  ftrength  and  value  of  the  Correction  for 
fpirit,  it  is  necefl’ary  to  examine  its  temperature  and  apply  the  temperature  ap- 
proper  correction,  which  is  done  with  extreme  accuracy  by  the  P!lcd> 
fame  Hiding-rule,  by  an  ingenious  application  of  two  fcales  of 
unequal  parts  to  each  other,  viz.  the  lines  C  C,  C  C,  marked 
“  Atkins  ”  and  the  lines  A  A,  A  A,  marked  with  the  letters  of 
the  alphabet.  The  mode  of  doing  this  is  as  follows  :  the  tem-  fett;ng  an  in- 
perature  of  the  liquor  being  taken  by  the  thermometer  accom-  dex  onthe  Aider 
panying  the  inftrument,  the  afterifk  or  index,  plate  XV.  fig.  1  c'tem^ratur^a0/ 

on”* fhewn  by  the 
thermometer 
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Ufes  of  the  other 
lines  on  the 
Aider. 


on  that  part  of  the  Aider  oppofite  to  the  thermometrical  fcale 

D,  is  to  be  fet  to  the  degree  of  temperature  fo  found,  and  the 

Divifion  on  Aider  divifion  on  the  line  C,  marked  “Atkins”  which  then  corref- 

■nfwermg  co  the  p0ncjs  on  either  fide  of  the  rule  writh  that  letter  and  divifion  on 
letter  on  the  (tern  r 

gives  per  cen-  the  alphabet  line  A,  at  which  the  Aem  was  cut  by  the  furface 
of  the  liquor,  indicates  the  Arength  and  value  in  commercial 
terms.  Thus  fuppofe  the  temperature  to  be  68°  (at  which  the 
the  plate^  ^  *Jlc^ex  aPPears  fet  in  the  plate),  and  the  hydrometer,  when 
loaded  with  its  weight  No.  1,  toAoat  with  the  furface,  cutting 
the  divifion  I  on  the  fiem  (correfponding  to  a  fpecific  gravity 
of  about  854£),  we  iind,  on  fetting  the  Aider  of  the  rule  to  68° 
on  the  thermometer  fcale,  that  46  over  proof  correfponds  to 
that  letter  and  divifion,  and  is  confequently  the  Arength  and 
value  of  the  liquor. 

The  lines  marked  "  Dicas”  and  “  Clark”  on  the  rule,  are 
for  giving  the  appreciation  of  the  values  and  ftrengths  as  (hewn 
by  the  infiruments  invented  by  thofe  artifis,  and  are  intended 
for  the  ufe  of  fuch  as  have  been  in  the  habit  of  employing 
them  ;  the  latter  being  perhaps  inferted  principally  on  account 
of  the  ufe  of  Clark’s  inftrument  for  the  purpofes  of  the  re¬ 
venue. 

The  figures  on  the  line  marked  **  concentration”  amongfi 
the  over-proofs,  indicate  the  diminution  in  volume  which  takes 
place  on  reducing  the  given  compound  to  proof ;  and  amongfi 
the  under-proofs ,  the  diminution  which  takes  place  on  reducing 
proof- fpirit  to  that  Arength.  This  mu  A  in  the  firft  cafe  be  de¬ 
duced  from  the  quantity  marked  on  Atkins’s  line  (C),  in  order 
to  obtain  the  accurate  per  centage  according  to  the  efiimation 
of  commercial  men.  For  infiance,  50  over-proof  on  Atkins’s 
line  indicates,  that  if  to  100  parts  of  fpirit  of  the  Arength  which 
5^ of  water* toS  anfwers  to  this  divifion,  we  add  50  of  water,  we  (hall  get 
icoof  50  over-  proof-fpirit,  of  which,  however,  the  quantity  will  be  only  147 
parts;  the  concentration  or  diminution  of  bulk  by  mixture  be¬ 
ing  3  parts.  With  regard  to  the  fpirit  which  is  under-proof, 
the  figures  on  the  concentration  line  indicate  the  diminution  of 
volume  in  pints  for  every  100  gallons  of  the  mixture:  if,  for 
infiance,  70  gallons  of  proof-fpirit  be  combined  with  30  of 
water,  we  get  a  compound  whofe  Arength  is  that  which  is 
marked  on  the  line  C,  30  under  proof;  but  the  concentration 
being  feven  pints,  we  fliall  get  only  99-J- gallons. 

4 


Of  the  concen¬ 
tration-line. 


Concentration 
to  be  deduced 
from  the  per 
centage. 

Example.  Di¬ 
minution  of  3 


proof. 

Concentration 
on  mixture  of 
proof-fpirit  and 
'water. 


When 
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When  the  hydrometer  is  intended  only  for  fpirituous  com-  Applicable  to 
pounds,  the  weights  are  applied  fingly  as  before-mentioned  :  ^°r[he  weight#* 
if,  however,  in  addition  to  the  weight  No.  4,  the  others  are  doubly, 
fucceffively  applied,  it  becomes  applicable  to  the  examination 
of  worts  and  other  liquors,  whole  fpeeific  gravities  are  from 
1.000  to  1.109,  or,  in  the  language  of  the  brewery,  up  to  sPec‘  gr*°f 
40  lbs.  per  barrel  heavier  than  water.  In  this  cafe  the  other  byTbs^per*!®? 

three  tides  of  the  hem  are  all'o  graduated,  and  another  rule  rel. 

•  i  •  /-i  •  j  •  ,i  .  •  |  p  i  Additional  rule 

with  an  ivory  llider,  carrying  a  thermometrical  icale  lor  com-  ^  the  brewery# 

paring  worts  at  different  temperatures,  is  included  in  the  cafe 

with  the  inffrument. 

The  writer  of  this  paper  having  made  a  confiderable  number 

of  experiments  with  this  inffrument,  on  the  fpeeific  gravities  of 

a  variety  of  fpirituous  liquors,  had  originally  intended  to  have 

given  their  refults  ;  but  it  has  already  run  to  fuch  a  length,  that 

they  muff  be  deferred  to  a  future  communication.  The  errors,  Errors  in  refults 

even  including  thofe  which  muff  neceffarily  arife  from  the  va-vfy  *nd 
°  J  _  advantage  or 

rious  temperatures  of  the  compounds,  and  the  different  quanti-  facility  of  ufe 
ties  of  foreign  matters  with  which  thele  fluids,  in  an  impure  v|jy  confider* 
ftate,  may  be  fuppofed  to  be  charged,  appear  to  fall  within 
very  narrow  limits ;  and  the  extreme  facility  and  expedition 
with  which  it  refolves  the  queffions  to  the  folution  of  which  it 
is  applicable,  cannot  fail  to  render  it  very  highly  valuable  to 
thofe  for  whofe  purpoles  it  is  principally  intended. 


XIV. 

An  Examination  of  Sig,  Volta’s  Experiments  which  he  calls 
fundamental,  and  upon  which  his  Theory  of  Galvanifm  refs ; 
with  a  Defcription  of  a  very  fenfible  Electrical  CondenJ'er,  and 
an  Explanation  of  the  Action  of  the  Electric  Eluid  in  the 
Galvanic  Infrument.  By  John  Cuthbertson,  Philo - 
fophical  Infrument  Maker,  No,  54,  Poland  Street,  London . 

Communicated  by  the  Author. 

In  Vol.  I.  8vo,  page  136,  paragraph  three,  of  this  Journal, 

Sig.  Volta  affirms,  “  If  two  infulated  difes,  one  of  copper  and  infulated  difesof 
“  the  other  zinc,  be  applied  together  for  a  moment  and  then  p^ucin^+d* 
feparated,  the  zinc  will  be  pofftive  and  copper  negative.”  in  the  zinc,  and 
I  have  always  had  the  fame  refult,  but  fome  times  much  el.  in  the 

y  1  copper. 

weaker  than  at  others.  Succeeds. 

Page 
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Expt.  of  copper 
and  zinc  joined, 
and  the  copper  to 
touch  a  zinc 
condenfer,  and 
afford  —  el.  in 
thislalfc. 

Did  not  produce 
—  el.  but  +  el. 

Expt.  of  zinc 
touching  a  cop¬ 
per  condenfer, 
and  affording  no 

el. 


Did  not  fucceed . 


The  foregoing 
expts.  were 
•ften  repeated. 


Page  137,  in  the  laft  paragraph,  it  is  faid,  <e  If  a  piece  of 
cf  zinc  to  which  is  joined  a  piece  of  copper,  and  the  zinc  held 

by  two  fingers  or  in  any  oilier  manner,  and  the  copper  made 
“  to  touch  the  fuperior  dife  of  the  condenfer,  which  is  zinc, 
“  w'hile  the  inferior  is  in  communication  with  the  ground,  a 
“  moment  afterwards  raifing  the  upper  dife  in  the  air,  it  will 
“  be  negatively  electrified.”  This  I  have  always  found  the 
contrary,  i.  e.  pofitive . 

Page  138,  paragraph  three,  it  is  alfo  faid,  11  If  the  fuperior 
“  dife  of  the  condenfer  be  copper,  and  a  piece  of  zinc  be  made 
“  to  touch  it  immediately  without  any  intervening  fubftance, 
c<  nothing  will  be  obtained,  becaufe  the  zinc  being  then  in 
“  contact  at  the  two  oppofite  ends  with  copper  and  copper, 
“  two  equal  forces  act  in  oppofite  directions,  and  by  that 
“  means  deftroy  or  counterbalance  each  other.”  If  the  fupe¬ 
rior  dife  was  copper,  I  always  found  it  negative,  and  if  it  was 
zinc  touched  by  a  piece  of  copper,  it  was  pofitive ;  both  con¬ 
trary  to  Sig.  Volta’s  alfertion. 

We  find  then  that  only  one  experiment  outofthree  fucceeds, 
which  he  calls  fundamental,  upon  which  his  theory  of  galvan- 
ifm  is  founded. 

Knowing  Sig.  Volta’s  abilities  both  as  a  philofopher  and  ex- 
perimentalifi,  I  own  I  mention  the  refult  of  the  foregoing  ex¬ 
periments  (though  it  is  after  numerous  repetitions)  with  much 
diffidence;  but  the  experiments  are  fo  fimple,  that  it  is  almoft 
impoflible  that  I  can  have  erred. 

By  reafoning  upon  the  phenomena,  when  copper  and  zinc 
are  made  to  touch  each  other,  it  becomes  eafily  explicable  by 
the  old  known  laws  of  electricity. 


EXPLANATION. 

Explanation.  In  the  firft  experiment,  where  zinc  and  copper  are  made 
In  expt.  I.  either  touch  each  other,  we  find,  on  feparation,  that  the  zinc  has 
or  the  copper  re-  acquired  a  greater  (bare  of  eledtric  fluid  than  it  had  before  the 
felled  the  ele&.  touch,  and  the  copper  lefs,  by  virtue  of  their  mutual  adtion  upon 
while  in  contact.  other  when  in  contadt.  So  that  the  zinc  mud  have  either 

attracted  the  eledtric  fluid  out  of  the  copper,  or  the  copper  mutt 
have  repelled  it  from  itfelf  into  the  zinc;  and  that  the  firft  is 
the  true  caufe  may  be  proved  by  connecting  the  copper  dife 
with  conductors,  and  then  touching  it  by  the  infulated  zinc, 
which  will  be  found,  on  feparation,  to  be  much  more  ftrongly 

pofitive 
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pofitive  than  when  the  copper  was  infulated.  For  whatever  The  effett  is 

quantity  of  electric  fluid  may  be  drawn  out  of  the  copper  by  the  ^ronSer  when 
•  A  ^  the  zinc  alon.°  is 

zinc,  is  recovered  by  its  being  in  connection  with  continued  infuiated,  and 

conductors;  whereas,  if  it  had  been  repelled  from  the  copper  lefs  when  the 
into  the  zinc,  it  muff  be  flronger  when  infulated,  becaufe  when  ^T^Uted^  *S 
infulated,  the  copper  has  no  other  body  but  the  zinc  to  receive  hence  the  zinc 
that  which  it  repels  from  it;  and  when  not  infulated,  every  ^J^rred t0 
other  conductor  with  which  it  is  connected  takes  a  part  in  pro¬ 
portion  to  their  conducting  property.  As  the  zinc  difc  is  found 
to  be  much  flronger  when  the  copper  difc  is  not  infulated,  I 
conclude  that  zinc  has  the  property  of  attracting  the  eleCtric 
fluid  out  of  copper  when  they  are  in  contaCt. 

In  regard  to  the  fecond  experiment,  where  the  zinc  is  found  ln  e5CPt*  fhc 

.  ,  ..  ,  *  ,  •  ,  r  n  •  1  c  in  filiation  of  the 

to  be  much  more  ftrongly  politive  than  m  the  tint,  is  clear  from  zinc  increafes 
what  I  have  already  faid,  i.  e.  becaufe  the  copper  difc  is  not-^e  effe&. 
infulated,  but  is  free  to  act  as  their  mutual  aClion  upon  each 
other  may  require. 

In  the  third  experiment,  in  which  no  effeCt  fliould  follow  Expt.  III.  The 
(according  to  Sig.  Volta),  the  zinc  was  found  to  be  as  flrongly  ^Tlume 
eleCtrified  as  in  the  Iafi  experiment.  Neither  the  zinc  nor  the  the  refpedtive 
copper  being  completely  infulated,  they  are  at  liberty  to  a&  did^foTccord^1* 
upon  each  other  as  their  mutual  contaCt  direCts ;  the  zinc  at  ingly. 
liberty  to  attraCt  and  the  copper  to  give,  which  is  in  no  wife 
repugnant  to  the  old  laws  of  eleCtricity. 

How  Sig.  Volta  could  be  led  to  fuch  erroneous  conclufions  Sig.  Volta  fup- 

is  not  eafy  to  underfiand,  unlefs  he  was  deceived  by  the  con-  been* deceived  by 
denfers  he  made  ufe  of.  “  To  render  that  feeble  eleCtricity  his  varmjhed c<m- 
<f  fenfible  and  manifeft,  he  recommends  flat  metallic  plates  co-  “£nfers» 

“  vered  with  a  flight  layer  of  fealing  wax  or  lac  varnith,”  which 
I  was  not  a  little  furprifed  at,  becaufe  I  have  always  found 
fuch  condenfers  very  equivocal  in  their  refults,  and  flievv  differ¬ 
ent  figns  without  any  variation  or  obvious  caufe,  or  at  leaft 
fuch  as  I  was  unable  to  deteCt.  They  are  more  eafily  excited 
by  a  negative  power  than  by  a  pofitive  one,  and  retain  it  much 
more  tenacioufl  y  ;  and  hence,  when  they  happen  by  any  means 
to  be  flrongly  electrified  by  a  negative  power,  it  is  almofl  im- 
poflible  to  difcharge  them  of  it,  fo  as  to  be  fit  to  proceed  on 
immediately  with  experiments  that  require  nice  inveftigation. 

Since  the  invention  of  the  galvanic  inftrument,  various  elec-  Mr  John  Read’s 
trometers,  condenfers,  doublers,  multipliers,  &c.  &c.  have  ^  condenfer> 
been  ufed  to  invefligate  its  eleCtrical  properties,  all  of  which 

appear 
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Defcription  of 
Head’s  eon- 
den  fer. 


Altered  by  the 
author. 


Defcription  of 
the  improved 
condenfer. 
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appear  to  me  to  he  much  inferior  toone  conflrudled  in  the  year 
1796,  by  Mr.  John  Read,  an  ingenious  electrician  at  Knightf- 
bridge  ;  but  as  he  invented  it  near  the  time  of  his  retiring  from 
bufinefs,  he  did  not  publifli  it,  confequently  it  is  known  but  by 
very  few  electricians.  I  have  found  it  of  great  ufe  not  only  in  gal- 
vanifm,  but  in  all  experiments  wherein  fmall  quantities  of  elec¬ 
tricity  are  to  be  made  evident;  and  I  doubt  not  but  that  it  will 
be  confidered  as  a  valuable  acquifition  by  electricians.  I  have 
found  it  capable  of  rendering  much  fmaller  quantities  fenfible 
than  an-y  other  inftrument.  By  this  inftrument  wre  are  able  to 
learn  the  pofitive  and  negative  Tides  of  only  one  piece  of  zinc, 
copper,  and  net  cloth;  and  I  have  not  heard  that  it  has  been 
done  by  any  other  inftrument  lets  than  with  a  teries  of  twenty  *. 

A  Defcription  and  Ufe  of  Mr.  Head's  compound  Ele&rical 

CondcnJer. 

Fig.  1.  plate  XVI.  reprefents  a  vertical  fedtion  of  the  large 
condenfer :  a  a  is  a  round  flat  plate  of  brats  of  about  eight 
inches,  ftanding  intulated  upon  a  wooden  foot  g;  gh  is  a  hol¬ 
low  brafs  cylinder,  and  fh  is  a  folid  ftick  of  glafs,  with  a  brafs 
mounting  at/,  to  wdiich  the  plate  a  a  is  fixed  ;  h  h  is  another 
plate  of  brafs  fomewhat  lets  in  diameter,  and  has  a  round  hole 
in  the  middle  of  about  tw'o  inches  diameter;  cd  is  a  hollow 
cone  fixed  to  hb2d.ee;  de  is  a  hollow'  brafs  cylinder  fixed  to 
the  cone  at  d,  and  made  to  Hide  up  and  down  upon  the  cylin¬ 
der  gh;  i  is  a  milled  head-fcrewr  which  holds  b  b  fat!  w'hen  it 
is  at  its  proper  diftance  from  a  a,  where  a  ftop  is  made  for  that 
purpofe ;  wrhen  i  is  loofe,  b  b  falls  down  by  its  own  weight, 
and  refts  upon  the  foot  g. 

The  above  is  the  original  conftrudtion,  which  I  found  more 
complex  and  lets  portable  than  I  could  with;  for  which  reafons 
I  make  them  in  the  following  manner;  and  fixing  the  con- 
denfing  plates  in  a  vertical  petition  infiead  ofhorizontal,  it  has 
all  the  advantages,  is  more  fimple,  and  perfectly  portable,  and 
I  have  no  doubt  will  meet  with  the  approbation  of  Mr.  Read 
himfelf. 

Defcription  of  the  improved  Condenfer. 

Fig.  2  reprefents  a  vertical  fedtion  of  the  large  condenfer 
ftanding  edgewife  to  the  eye:  a  a  and  b  b  are  two  flat  round 

*  Bennet’s  electrometer  alone  fhewed  the  ftate  of  40  pairs.  Sec 
Van  Marum  in  Philof.  Journal,  odtavo,  I.  174. — N. 

brafs 
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brafs  plates  of  about  fix  inches ;  c  is  a  glafs  cylinder  fixed  at 
one  end  into  a  wooden  foot  d;  e  is  a  brafs  ball,  and  mounting 
at  the  other  end  to  which  the  plate  bb  is  fere  wed  fait ;  /  is  a 
brafs  wire  with  a  joint  at  its  lower  end,  and  at  the  other  end  a 
ball  to  which  the  plate  a  a  is  ferewed,  Handing  parallel  to  b  b. 

By  means  of  the  joint,  the  plate  a  a  may  be  moved  back  in  the 
iituation  of  the  dotted  outline  ag.  The  joint  has  a  thoulder 
which  Hops  the  plate  a  a ,  and  keeps  it  at  its  proper  diHance 
from  b  b. 

Fig.  3  is  the  common  gold-leaf  electrometer,  with  an  addi-  Bennet’s  ele£lra« 
tion  of  two  vertical  brafs  plates  of  about  If  inch  in  diameter;  * 

one  is  ferewed  fait  to  the  brafs  mounting  at  the  top  of  the  elec¬ 
trometer,  and  the  other  to  a  wire  which  has  a  joint  fixed  to  the 
foot  of  the  electrometer,  by  which  it  moveable,  and  is  let 
either  parallel  and  at  a  proper  diftance  from  the  other  plate, 
the  joint  being  furnithed  with  a  Hop  for  that  purpofe,  or  may¬ 
be  moved  backwards  in  the  direction  of  ga,  fig.  2 :  /  is  abraf* 
cup  with  a  fhank  at  the  bottom,  which  ferevvs  into  a  hole  in 
the  top  off,  fig.  2,  ferving  to  examine  the  Hate  of  electricity 
excited  by  dropping  of  metals,  &c. ;  m  is  a  Hick  covered  with 
tinfoil,  which  ferews  into  the  hole  at  e,  to  examine  the  electri¬ 
city  of  the  atmofphere  ;  n  is  a  brafs  wire  jointed  at  o,  with  a 
fhank,  which  can  alfo  be  ferewed  intoc  when  required,  or  into 
the  top  of  the  gold  leaf  electrometer,  fig.  3.  Thefe  two  in¬ 
struments,  fig.  2  and  3,  are  ufed  feparately  or  combined,  as 
the  nature  of  the  experiment  may  require.  When  the  experi¬ 
ment  requires  the  aid  of  both  condenfers,  they  are  combined, 
as  is  reprefented  fig.  4*,  the  two  fixed  plates  Handing  towards 
the  eye.  The  fixed  plate  of  the  large  condenfer  has  a  fmall 
brats  pin  at  one  fide,  which,  when  the  infiruments  are  ufed 
together,  mufi  touch  the  fixed  condenfing  plate  of  the  gold-leaf 
electrometer  *. 

THE  METHOD  OF  USING  THE  DOUBLE  ELECTRICAL 

CONDENSER  . 

To j7iczu  the  Electric  Fluid  excited  by  Effervefcence,  & c. 

Screw  l  into  the  top  of  the  ball  c  of  the  large  condenfer,  and  Ufe  of  the  two 
fet  therein  a  china  or  glafs  cup  with  proper  ingredients  for  that  ^  A^the 

*  Inftead  of  gold  leaf  Mr.  R^ad  lifts  very  fine  fibres  of  flax,  which  efferve^gence111 
he  thinks  more  fenfible  than  gold  leaf;  but  they  are  very  difficult  to  &c. 
be  feen,  and  more  eafily  deranged.  If  gold  leaf  be  properly  managed* 

I  think.it  preferable. — C* 

purpofe.; 
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Method  of  ap¬ 
plying  the  con- 
den  fer  to  the  gal¬ 
vanic  inftru- 
naent. 


Ele&ricity  from 
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plates. 
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purpofe;  then  join  the  two  inftruments  as  in  fig.  4.  While  the 
effervefcence  is  going  on,  turn  back  the  moveable  plate  of  the 
large  contlenfer  into  the  petition  of  the  dotted  line,  fig.  2, 
taking  care  not  to  touch  the  fixed  plate;  then  if  the  excited 
eledtricity  be  very  throng,  the  gold  leaf  will  diverge;  but  if  not, 
juft  move  the  eledirometer  to  that  it  is  quite  free  from  the  pin, 
turn  back  its  moveable  plate,  and  if  a  fufficient  quantity  of 
ele6tric  fluid  be  excited,  the  gold  leaf  will  diverge. 

To  Jheiv  if  there  be  any  fenfible  Quantity  of  ElcStric  Thud  in  the 

Atmofphere . 

Screw  the  flick  m  into  e  of  the  large  condenfer  ;  a  conveni¬ 
ent  place  being  chofen  not  much  furrounded  by  buildings  or 
trees,  fet  the  inftruments  combined  as  in  the  lafl  experiment, 
and  proceed  in  the  fame  manner. 

Method  of  applying  the  combined  Condenfcrs  to  the  Cidvanic 

Infirument. 

Screw  the  thort  end  of  no  into  e  of  the  large  condenting 
plate  (the  inftruments  being  combined  as  in  the  former  experi¬ 
ments)  ;  bend  the  end  downwards,  at  luch  a  dillance  from  the 
table,  or  whatever  it  may  ftand  upon,  that  the  two  pieces  of 
metal,  zinc  and  copper,  as  at  n,  can  be  put  under  it,  and  drawrn 
away  from  under  it  again,  without  its  touching  the  table  when 
the  metal  is  drawn  away.  Take  two  pieces  of  metal,  zinc 
and  copper,  about  the  tize  of  half  a  crown  or  upwards,  either 
feparate  or  foldered  together,  with  their  Hat  tides  in  contadt, 
and  puth  them  under  the  end  n  of  o  n.  After  remaining  a  fhori 
fpace  of  time,  a  quarter  or  half  a  minute,  draw  them  away  from 
under  the  point,  and  take  notice  that  the  point  does  not  touch 
the  table,  or  any  other  condudtor  ;  then  turn  back  the  moveable 
plate  of  the  large  condenfer  ;  move  the  electrometer  fo  that  its 
plate  (hall  no  longer  touch  the  pin  of  the  large  plate,  and  then 
turn  its  moveable  plate  back;  the  gold  leaf  will  remain  undif- 
turbed. 

Turn  up  the  condenting  plates  to  their  firft  pofition  ;  place 
the  two  inftruments  together  as  before,  taking  particular  care 
that  the  fixed  plate  of  the  eledtrometer  condenfer  touches  the 
pin  proceeding  from  the  large  plate.  Lay  upon  the  pieces  of 
metal  before  uled,  a  piece  of  woollen  cloth  well  foaked  in  a  fo- 
lution  of  muriate  of  ammonia,  or  any  other  menftruum  com¬ 
monly 
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monly  uled  for  the  galvanic  experiments  either  upon  the  zinc 
or  the  copper,  and  pufli  them  under  the  point  ofrc  again.  Prefs 
the  point  down  upon  them,  that  it  may  be  perfebtly  in  contabt ; 
after  they  have  remained  the  time  before-mentioned,  draw  the 
metals  away,  and  feparate  or  turn  back  the  large  condenfer 
plate,  and  alfo  the  fmall  one,  after  feparating  it  from  the  pin  of 
the  large  one,  and  immediately  the  gold  leaf  will  diverge.  If 
the  zinc  was  the  uppermoft,  then  the  gold  leaf  will  diverge 
with  pofitive  ele6tricity  ;  but  if  it  was  underneath,  the  gold  leaf 
will  diverge  with  negative  ele<5tricity.  It  makes  no  difference 
in  the  general  effect,  upon  which  metal  the  wet  cloth  was  laid ; 
or  whether  two  pieces  of  cloth  were  ufed,  one  under  the  metals 
and  the  other  above ;  or  only  one  either  above  the  metals  or 
under  them.  But  if  the  cloth  be  only  laid  upon  the  copper  and 
not  upon  the  zinc,  the  ele&ric  fluid  brought  into  action  will  be 
fo  weak,  that  the  combined  inftrument  can  hardly  fhew  it;  if  ' 
laid  upon  zinc,  the  divergency  will  be  about  ~  of  an  inch; 
lometimes  more  and  fometimes  lefs  *. 

By  reflebting  on  this  phenomenon  I  found  the  following  ex¬ 
planation,  without  having  recourfe  to  any  new  hypothefis. 

Explanation  of  the  Action  of  the  EleSlric  Fluid  in  the  Galvanic 

When  flat  pieces  of  zinc  and  copper  are  laid  in  contabt,  the  Explanation  of 
zinc  becomes  pofitive  and  the  copper  negative  at  the  moment  z^and0^6*^* 
of  the  touch ;  and  while  they  remain  in  contact,  the  elo6tric  in  contad  arrive 
fluid  contained  in  them  both  is  perfectly  in  equilibrio.  The  ^arij  e^u!Il.^n“ra 
copper  has  given  and  the  zinc  has  received  fuch  a  quantity  of  the  zinc  +  and 
electric  fluid  as  their  mutual  abtion  upon  each  other  required; tlie  C0PPer — • 
and  in  confequence  of  this  property,  they  prefent  a  mutual  re- 
fifiance  to  any  further  change  being  produced  upon  them.  If  Chemical  adion 
then  any  menflruum  be  added  to  the  oppofite  fide  of  the  metals,  trical  property  "of 
capable  of  producing  a  change  in  their  metallic  property  (fuch  that  pyt  of  the 
as  the  fluid  contained  in  the  wet  cloth),  a  change  in  their  elec- 
trical  property  muft  of  courfe  follow.  But  as  this  change  in 
the  metallic  property  is  only  fuperficial,  it  will  only  be  there 
that  its  eledtric  property  is  changed.  The  other  parts  of  the 
two  metals  in  contact  will  remain  unaltered,  and  maintain  their 
property  of  refifiance.  The  change  produced  by  the  adtion  of 

*  When  the  atmofphere  is  in  a  favourable  ftate,  In  this  as  well  as 
all  other  experiments  where  fo  fmall  quantities  are  to  be  made  evi¬ 
dent,  the  atmofphere  has  great  influence. 


the 
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This  change  is  ihc  menftruum,  with  refpedt  to  its  eledtrical  property  upon  that 

&  flirted  to  be  at  parj-  onjy  0f  jjlc  metaj  whereon  it  has  acted,  is  cxadtly  the  rc- 
an  oppohte  na-  1  j' 

ture  to  the  elec- verle  of  that  of  the  parts  not  a  died  upon,  i  iie  part  of  the 
trie  ftateof the ^  zjnc  thus  acted  upon,  muft  confequently  be  difpofed  to  throw 
and  therefore  ’  off  its  eledtric  fluid,  and  would  give  to  that  part  of  the  copper, 
produces  eledtric  which  by  a  like  a<5lion  is  difpofed  to  ablorb  it)  fo  that  the  two 

forfeces  oppofite  of  the  furfaces  acted  upon  would  unite  and  counterba- 

to  thofe  of  the  lance  each  other  imperceptibly)  if  it  were  not  oppofed  by 

which  dc! not  ^he  exifting  property  and  mutual  action  of  the  two  metals 

pa£s  from  zinc  to  in  their  parts  not  adted  upon  by  the  menftruum  ;  hence  it  fol- 

copper  through  jows  that  the  eledtric  fluid  is  propelled  forwards  from  the  zinc 
ibe  metals  and  „  .  1  r  ..  .  .  , 

become  quief-  through  the  menftruum  to  the  next  adjoining  copper  in  the  pile 

cent;  but  from  or  trough  ;  but  this  can  only  happen  in  a  progreflive  manner, 

*brougb'tb?jluid9  011  account  of  the  menftruum  being  an  imperfedt  condudtor, 

this  paffage  be-  which  appears  to  be  an  indifpenfible  condition  to  the  maintain* 

He  nee*  the  gal-  ing  any  elea,ic 

vanic  current:  The  fhock  or  fen fation  felt  on  touching  the  two  oppofite 

whichjs^progref- en^s  the  galvanic  inftrument,  depends  upon  the  menftruum, 
fluid  cannot  per-  together  with  the  refifting  property  of  the  two  metals  in  con- 
tadt.  The  fluid  mull  be  adequately  proportioned  between  be- 
faftasit  is  extri- hig  an  eledtric  and  a  perfedt  condudtor.  If  it  were  a  perfett 
cated.  condudtor,  the  eledtric  fluid  would  pafs  from  the  zinc  through 

The  fhock  from  the  menftruum  to  the  next  adjoining  copper,  as  quick  as  it  is 
lhdden^tranf-H  giyen  by  altered  part  of  the  zinc ;  no  accumulation 
mitted.  would  enfue,  and  confequently  no  fenfation  of  fliock  or  dil- 

charge  would  be  perceived.  If  it  were  an  eledtric,  the  eledtric 
fluid  given  off  by  the  altered  zinc  would  be  flopped,  and  accumu¬ 
late  till  it  become  poffefTed  of  fuftieient  force  to  overcome  the 
mutual  refinance  of  the  two  metals  in  contadt,  and  pafs  through 
by  a  reverfe  motion  to  the  copper ;  confequently  no  fenfation 
would  be  felt  by  forming  a  communication  between  the  two 
oppofite  ends.  For  though  there  would  be  an  accumulation, 
yet  it  cannot  be  united  fo  as  to  adfc  in  concert  with  that  of  the 
other  combined  metals;  being  fhut  offby  the  interpofed  eledtric 
menftruum,  and  too  feeble  of  itfelf  toaffedtour  fenfes. 


Short  hiftory  of 
inftruments  for 
fhewing  minute 
quantities  of 
elcdtricity. 

W.  N. 


ANNOTATION.  W.  N. 

At  page  .396,  vol.  I.  of  the  quarto  feries  of  this  journal,  an 
outline  is  given  of  the  hiftory  of  all  the  inftruments  for  (hewing 
or  mealuring  minute  quantities  of  eledtricity,  with  a  ftatement 
of  their  advantages  and  defedts.  With  regard  to  the  condenfer 

difeovered 
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difcovered  by  Volta  In  17  80  *,  and  ufed  for  atmofpheric  elec¬ 
tricity  and  in  the  grand  difcovery  of  the  electricity  produced 
by  chemical  changes,  it  was  applied  very  early  by  Cavallo  in 
the  compound  form ;  that  is  to  fay;  by  charging  a  (mailer  In- 
flrument  with  the  contents  of  a  larger.  Mr.  Beunet  before 
1787  f,  added  the  condenfer  to  his  electrometer,  and  invented 
the  method  called  doubling,  which  had  before  been  ufed  with 
the  eleCtrophore  by  Lichtenberg  j  and  Klinoock  §.  Our  elec¬ 
tricians,  particularly  Mr.  Cavallo  and  Mr.  Bennet,  were  at 
this  time  fully  aware  of  the  fpontaneous  ele&ricfty  of  the 
doubler,  and  the  evils  to  be  apprehended  from  the  varnifh  and 
the  aCtual  contacts.  I  think  it  was  Mr.  Cavallo  who  fubfti- 
tuted  (mall  knobs  of  fealing  wax  inftead  of  varnifh,  which  I 
faw  adopted  in  a  mechanical  doubler  by  Dr.  Darwin  in  1787  ; 
and  in  the  year  17  88  I  communicated  to  the  Royal  Society  j| 
the  revolving  doubler,  in  which  the  plates  approach  and  re¬ 
cede  without  touching  ;  and  foon  afterwards  I  made  the  ('pin¬ 
ning  inftrument,  confiding  of  a  condenfer  and  an  eleCtrical  well. 
In  the  fame  year  Mr.  Cavallo  publifhed  **  his  collector  of  elec¬ 
tricity,  which  is  a  condenfer  having  two  uninfulated  plates, 
which  feparate  like  plate  a,  fig.  2,  on  each  fide  of  b,  without 
contaCt;  and  in  the  third  vol.  of  his  te  Complete  Treadle  on 

EleCtricity,”  1795,  he  defcribes  his  multiplier,  which  confifts 
of  twro  condenfers,  equally  perfect ;  one  of  which  is  made  to 
Charge  the  other  by  repeated  alternations  of  the  compenfating 
plate. 

The  above  fhort  (ketch  will  enable  the  reader  to  afcertainto 
What  extent  the  ingenious  contrivers  of  the  inftruments  in 
plate  XV.  have  availed  themfelves  of  the  labours  of  former 
operators. 

#  Journal  de  Phvlique  for  May  and  Auguft  1783,  and  PhiL 
Tranf.  LXXIL  p.  237. 

+  Phil.  Tranf.  LXXII.  p.  32. 

X  Journal  de  Phyf.  Jan.  1780,  p.  20, 

§  Phil.  Tranf.  LXVIII.  p.  1029. 

H  Phil.  Tranf.  LXXVIII. 

**  Phil.  Tranf.  LXXVIIL 


Vol.IL — August,  1802. 
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XV. 


Obfervalions  on  the  Phofphorefcence  of  the  TremoliU,  and  of  the 
calcareous  Phofphate  of  foiu  Solution,  known  by  the  Name  of 
Dolomie.  By  M.  Le  Comte  de  Bo  urn  on.  Fellow  of  the 
Royal  and  Linnccan  Societies.  Tranfated  from  the  Original ; 
communicated  by  the  Author. 


The  phofpho-  J(7  EW  refearches  have  yet  been  made  concerning  the  pliof- 
nera^hasVeen  pboreicence  of  the  bodies  of  the  mineral  kingdom.  No  fatis- 
] i tele  inquired  factory  explanation  has  yet  been  given  of  this  phenomenon, 
though  this  knowledge  would  undoubtedly  throw  new  light 
upon  the  ftudy  of  minerals,  and  prove  a  great  acquifition  to 
natural  philofophy  and  chemiflry. 

The  methods  of  This  property  of  emitting  light,  which  daily  obfervation 

fx '  1  "  1 1 :  T*  fliews  to  belong  to  many  more  minerals  than  had  formerly  been 
by  friction  j  2.  .  J 

by  heat.  tufpeded,  requires  particular  management.  In  fome  foflils, 

luch  as  quartz,  blende,  corundum,  &c.  &c.  it  becomes  fen- 
fible  only  by  friction.  In  others  it  exhibits  itfelf  only  when  the 
mineral  is  placed  upon  a  red  hot  coal,  or  upon  any  other  body 
heated  to  a  fimilar  temperature.  This  is  the  cafe  with  the 
carbonate  of  firontian,  of  barytes,  &:c.  In  others  again,  the 
phofphorefcence  is  developed  both  by  fridion  and  by  heat,  as 
is  the  cafe  with  the  phofphates  and  fluates  of  lime,  as  well  as 
with  a  great  number  of  carbonates  of  the  fame  earth,  particu- 

f  • 

larly  thole  of  a  brown  or  yellowifh  colour. 

Thefe  fads  give  occafionfor  feveral  quefllons,  the  folutionof 
which  would  be  extremely  interefting. 

Do  thefe  twO  kinds  of  phofphorefcence  depend  upon  the 
fame  caufe  ?  In  all  the  ftones  which  exhibit  them,  and  are  at 
the  fame  time  coloured,  the  colour  diminifhes  in  proportion  to 
the  difengagement  of  the  phofphorefcence  by  the  action  of 
heat  :  and  when  they  ceafe  to  be  phofphorefcent,  they  at  the 
fame  time  inti  rely  ceafe  to  be  coloured.  Does  this  phenome¬ 
non  proceed  from  the  dilengagement  of  the  combined  or  inter- 
pofed  light  ?  Does  the  colour  in  thefe  ftones  always  belong,  in 
reality,  to  metallic  oxides,  particularly  thole  of  iron  ?  May  it 
not  rather  belong  limply  to  the  combined  light  ?  In  this  cafe, 
ina)  it  not  be  fuppofed  that  the  light  .is  decompofed,  by  com¬ 
bining  with  thefe  ftones,  and  that  it  then  entered  into  their 

4  *'  •  compoiitioa 


Docs  it  arife 
nom  combined 
light  ? 
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compofition  only  by  infulated  rays,  or  by  combination  of  two 

or  more,  and  not  the  whole  of  the  rays?  We  are,  however.  The  phofphoric 

enabled  to  make  an  oblervation  with  refpeCt  to  this  fubjeft,  ^olour  ,s  ^5 

r  J  ,  lame  in  afl  ftones 

namely,  that  thefe  flones  conflantly  exhibit  by  the  action  of0fthe  fame  fpe- 

heat,  a  phofphorefcence  of  the  fame  colour,  whatever  maybe  however 
*  .  .  in  themfclves  may 

the  colour  of  their  proper  fubllance.  For  inftance,  the  fluates  be  coloured. 

of  lime  which  exhibit  the  mod  lively  and  variegated  colours, 
conflantly  give  a  light  inclining  to  the  violet,  w'ith  the  tingle 
exception  of  the  Siberian  variety,  which  has  been  named  the 
Chlorophane,  and  which,  though  of  a  violet  colour,  gives  a 
phofphorefcence  of  a  beautiful  emerald  green.  In  others,  as 
in  lome  carbonates  of  lime,  in  thofe  of  barytes,  of  ftrontian, 

&c.  though  thefe  flones  are  perfectly  colourlefs,  the  phof¬ 
phorefcence  is  conflantly  reddifh,  or  orange  yellow.  What  ' 
may  be  the  caufe  of  thefe  contrails  ? 

In  fome  cafes  the  caufe  which  produces  the  phofphorefcence  It  may  arlfe 
of  the  flones  feems  to  belong  to  an  eflential  part  of  their  fub-  *rom  aPPrm3- 
fiance,  which  is  never  completely  expelled  from  them.  This  fr:m  fome  pUr- 
is  the  cafe  with  the  calcareous  fluates  and  phofphates,  &c.  ^at^can  be 
In  others  it  appears  to  be  purely  accidental  in  the  (lone,  and  ab‘^au*e<** 
fliews  itfelf  only  in  a  certain  number  of  individuals  belonging 
to  the  fame  fpecies.  In  the  firll  cafe,  this  property  ought  to 
be  indicated  amongfl  the  fpecific  characters  of  the  ftone ;  in 
the  fecond,  it  cannot  ferve  as  character  of  the  fpecies,  but  can 
merely  be  uled  to  defignate  one  of  its  varieties.  Such  is,  for 
example,  that  which  exifts  in  the  trerftolite  and  in  the  dolomie, 
reflecting  which  I  intend  here  to  offer  fome  obfervations, 
which  appear  to  me  to  deferve  the  attention  of  mineralogifls. 

M.  de  Sauffure  and  Profeffor  Blutlienbach  were,  as  far  as  I  The  tremolite  Is 

know,  the  firfl  who  obferved  the  two  kinds  of  phofphoref- nar  m  ^ 

1  r  mens  pholpho- 

cence  in  the  tremolite  ;  and,  fince  them,  all  the  works  of  mi-  refeent. 
neralogy  have  placed  this  property  amongfl  the  diftindtive  cha¬ 
racters  of  this  ftone.  Many  tremolites,  indeed,  are  endowed 
with  this  double  phofphorefcence  ;  but  this  is  by  no  means  the 
cafe  with  all,  nor  can  this  character  be  confidered  as  eflential 
to  its  nature. 

The  tremolite,  both  that  which  is  found  in  different  vail ies  Thofe  which  are 
of  Mount  St.  Gothard,  and  that  which  is  brought  to  us  from  ain  a  phofphoref- 
great  number  of  other  places,  is  generally  inclofed  in  a  granu-  themfelves  phof. 
Iated  carbonate  of  lime,  the  grains  of  which  are  of  various  de-  phorefc  m  \  and 
grees  of  finenefs,  and  their  adhefion  more  or  lefs  conflderable.  J^cnUieganguc 

U  2  -  Among  not  phofpho- 
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refcent  the  tre- 
taolite  is  not  fo. 


That  the  phof- 


Among  thefe  carbonates  oflimc,  which  conditute  the  ganger 
of  the  tremolite,  and  very  frequently  belong  to  tlie  (pecies 
which  is  called  dolomie,  a  great  number  are  endowed  with 
the  double  phofphorefcence  ;  but,  on  the  other  hand,  we  meet 
with  feveral,  in  which  not  the  flighted  trace  of  this  property 
can  be  found.  The  tremolitcs  inclofed  in  the  firft  partake, 
though  in  rather  an  inferior  degree,  of  their  phofphorefcence, 
whereas  thole  which  are  inclofed  in  a  non-phofphorefcent  car¬ 
bonate  of  lime  are  equally  void  of  that  property. 

From  the  very  drd  moment  when  I  oblerved  this  fa£t,  it  oc- 
fro^interpofed6  curred  to  me,  that  the  phofphorefcence  of  the  tremolite  might 
carbonate  of  very  probably  proceed  merely  from  that  of  the  carbonate  of 
byTak^  k°upd  hme,  which  undoubtedly  is  interpofed  between  its  parts.  1 
by  niti  ic  acid,  therefore  (elected  lome  cry  dais  that  were  inclofed  in  phofpho- 

which  deftroyed  refcent  carbonate  of  lime,  and  after  having  fatisfied  myfelf 
the  luminous  ,  °  ... 

quality.  that  they  were  themfelves  phofphorefcent,  both  bv  friction 

and  by  the  aCtion  of  heat,  I  digeded  them  for  fome  time  in  ni¬ 
tric  acid.  When  I  took  them  out,  their  furface  was  perfo¬ 
rated  with  fmall  cavities,  occafioned  by  the  lolution  of  the  por¬ 
tions  of  carbonate  of  lime,  and  friction  was  then  incapable  of 
making  them  difplay  the  dighted  phofphorefcent  light.  This 
light,  however,  was  emitted,  at  the  point  immediately 
after  ignition,  though  in  an  extremely  weakened  degree.  I 
afterwards  reduced  fome  of  the  fame  crydals  to  a  coarfe  pow¬ 
der,  and  this  powder  having  remained  again  for  fome  time  in 
the  acid,  was  intirely  deprived  of  all  its  phofphorefcent  pro¬ 
perty. 

This  quality  I  could  no  longer  doubt  that  the  carbonate  of  lime,  inter¬ 

fere  fore  belongs  p()fec{  i3etween  the  particles  of  the  tremolite  was  the  real  caufe 
to  the  variety,  *  1 

and  not  the  fpe-  ot  the  phofphorefcence  of  this  fubdance,  when  its  gangue  was 
*‘6S*  endowed  with  tlie  fame  property.  It  therefore  appeared  to 

me  to  be  at  the  fame  time  perfectly  proved,  that  phofphoref- 
cence  cannot  be  ranked  amongd  the  characters  of  the  fpecies 
in  this  fubdance,  and  that  it  ought  to  be  conlidered  merely  as 
didinCtive  of  one  of  its  varieties. 

Whether  the  A  new  doubt,  wTich  was  a  very  natural  confequence  of  this 
Urge  portion  of  obfervation,  now  prefented  itfelf.  Could  it  be  true,  that  the 
in  tremolite  can  lime  which  chemids  have  reckoned  to  amount  to  ~ ^  amongd 
be  admitted  as  a  (be  condituent  parts  of  the  tremolite,  does  exift  in  it  in  lb 
wtftitucnfpar t  f  Iarge  a  proportion.  In  order,  ifpoffible,  to  fatisfy  this  doubt, 

I  felected  fome  crydals  of  non-phofphorefcent  tremolite,  which 
2  •  had 
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bad  only  an  argillo-martial  fubflance  for  their  gangue,  and  re-* 
quelled  Mr.  Chenevix,  who  has  already  rendered  fuch  ufeful 
Services  to  mineralogy,  to  examine  them  by  analyfis.  I  like- 
wife  gave  him  fome  cry ftals  from  amongfl  thofe  phofphoref- 
ccnt  ones  which  I  had  broken,  and  afterwards  deprived  of 
their  phofphorefcence,  by  digefting  them  for  fome  time  in 
nitric  acid. 

My  fufpicions  were  verified :  Mr.  Chenevix  found  only  Probability  that 
of  lime  in  each  of  thefe  two  analyfes.  But  what  at  the  fame  a  Portl0n  j-hc 
time  ffruck  me,  was  that  the  tremolite  taken  from  the  phof-  lime  or  argil,  is 
phorefeent  variety,  having  for  its  gangue  a  carbonate  of  lime  i»*erff>erfe4intb9 
of  the  fpecies  called  the  dolomie,  which  is  likewife  phofpho- 
refeent,  but  whofe  calcareous  part  had  been  taken  away  by 
the  nitric  acid,  gave  by  analyfis  only  T-g_  of  argil,  whilft  that 
which  was  taken  from  an  ablolutely  argillaceous  gangue  gave' 
yW  °f  the  fame  earth.  Mr.  Klaproth  having  found  no  argil 
at  all  in  (lie  analvfis  which  he  had  before  made  of  this  fub- 

J 

fiance,  it  is  probable  that  its  exiflence  in  it,  like  that  of  the 
calcareous  carbonate,  proceeds  merely  from  its  fimple  inter- 
pofition. 

Thefe  two  obfervations  appeared  to  me  to  be  very  interefb*  Hence  it  is  of 
ing  to  the  ftudy  of  mineralogy,  efpecially  to  that  part  of  it 
which  relates  to  analvfis;  fince  it  flievvs  with  what  care  the  lyfes  of  any  mi- 
chemiil  ought  to  avoid  confounding,  with  the  true  conflituent  neral  ^ould  be 

°  °  repeated  upon 

parts  of  a  fubftance,  thofe  which  are  foreign  to  it,  and  only  fpecimens  takes 

interpofed  between  its  parts.  It  is  extremely  common  to  find  tr°md|frerent 

the  parts  of  a  mineral,  even  in  the  flate  of  cryflallization,  en-^an°U 

velope  more  or  lefs  of  the  portions  of  that  fubflance  which 

conflitutes  its  gangue  ;  and  what  may  likewife  contribute 

much  to  miflakes  in  this  refpeCt,  is  the  kind  of  conftancy  with 

wThich,  (whatever  may  be  its  caufe,  has  hitherto  been  little 

attended  to)  the  fame  fubflance,  placed  in  fimilar  circum- 

ilances,  admits  this  interpofed  extraneous  fubflance,  in  equal, 

or  nearly  equal  proportions.  It  is  not  therefore  fufficient  that 

the  cheiflift  fhould  felecl  for  his  analyfis,  amongfl  the  cryflals 

of  a  fubflance,  thofe  which  appear  to  him,  to  be  the  mod  pure, 

(and  the  perfection  of  their  form  and  tranfparency  is  the 

itrongeft  prefumption  which  he  can  have  in  this  refpeClf)  but 

be  fliould  alfo  repeat  the  fame  analytical  procefs  upon  the. 

fume  fubflance  taken  from  totally  different  gang  lies. 


When 


OBSERVATIONS  ON  THE  TREMOLITE. 


2  94 

The  phofphoref- 
cecico  of  tremo- 
lite  being  ad- 
mitte  1  to  arife 
from  inter fperfed 
ca  bonate  of 
lime,  will  ac¬ 
count  for  the 
differing  obfer- 
vations  of  au¬ 
thors. 


Though  the 
phofphorefcence 
of  tremolite 
cannot  be  ad- 
mittedas  fpecific, 
yet  the  facility 
with  which  this 
very  hard  mine¬ 
ral  is  crulhed 
by  preffure  With 
the  hammer  and 
its  elaltic  refin¬ 
ance,  are  pecu  • 
Jiar  fpecific  cha. 
rasters. 


Tremolite  is 
found  in  Scot¬ 
land,  at  Mount 
Vefuvius,  and 
in  Bengal. 


Defcription  of 
the  tremolite  of 
Scotland. 


When  it  is  once  admitted  that  the  tremolite  is  phofphoref- 
cent  only  in  proportion  as  this  property  is  contained  in  the 
carbonate  of  lime  interpofed  in  its  fubftance,  the  variations 
which  fome  authors  have  found  in  its  phofphorefcence,  will 
be  eafily  accounted  for.  It  muft,  for  example,  be  the  more 
eafily  obtained  by  fri&ion,  as  the  hardnefs  of'this  Hone  is  lets 
confiderable  ;  becaufe  the  fridtion,  by  breaking  its  furface, 
will  fucceffively  arrive  at  the  interpofed  particles  of  carbonate 
of  lime.  And  hence  it  is  quite  natural  that  the  fibrous  varie¬ 
ties  fhould  be  more  phofphorefccnt  than  the  others,  and  that 
thefe  fhould  be  the  lefs  fo  in  proportion  as  they  are  harder. 

As  this  character,  which  was  reprefented  as  fpecific  in  the 
tremolite,  muft  no  longOT1  be  confidered  as  fuch,  there  is  one 
which  has  been  overlooked,  and  which,  in  my  opinion,  ought 
to  be  added  to  thole  which  have  been  already  obferved  in  it ; 
I  mean  the  great  facility  with  which,  notwithflanding  its 
hardnefs,  which,  in  the  purefl  fpecimens  is  fuch  that  it  eafily 
cuts  glafs,  it  is  crulhed  by  the  mere  preffure  of  the  hammer, 
and  the  kind  of  flexibility  which  it  then  exhibits.  If,  in  break¬ 
ing  it,  the  prelfure  be  moderate,  the  cryftals  of  tremolite  di¬ 
vide,  pretty  generally,  according  to  the  length  of  their  prifms, 
into  fmall  fibres,  which  are  frequently  as  tine  as  thofe  of  the 
amianthus,  to  which,  in  this  Hate,  they  have  much  refem- 
blance.  We  may  then  even  increafe  the  prelfure  without 
breaking  the  fibres,  which  in  this  cafe  afford  by  their  reti fi¬ 
ance  the  fame  fenfation  as  is  felt  from  a  (lightly  elaftic  body. 
This  effedt,  as  well  as  the  redudlion  of  the  tremolites  into 
fmall  fibres,  is  more  diflindt  the  lefs  pure  the  mineral.  Both 
properties  however  are  obferved,  but  in  a  much  lefs  degree 
in  the  purefl  tremolites,  and  confequently  in  thofe  whofe 
hardnefs  is  the  mod  confiderable. 

With  a  view  to  add  as  much  as  poflible  to  the  knowledge 
already  acquired  refpe&ing  this  fubflance,  I  (hall  add  to  the 
lid  of  places  which  have  been  indicated  as  the  native  coun¬ 
tries  of  the  tremolite,  Scotland,  Mount  Vefuvius,  and  Ben¬ 
gal.  Mr.  Greville's  rich  cabinet  in  London  contains  fpeci¬ 
mens  from  each  of  thofe  different  places ;  a  defcription  of 
thefe  $vill  probab!\  be  acceptable  to  mineralogifls. 

The  tremolite  of  Scotland  is  in  the  fibrous  Hate,  its  fibres 
being  very  fine  and  clofe,  part  of  which  is  difpofed  in  diver¬ 
gent 
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gent  rays,  tranfverfely  croflfed  by  other  fibres,  fo  as  to  repre- 
fent  a  kind  of  texture,  as  is  fometimes  the  cafe  with  the  zeo¬ 
lite  mezotipe.  This  tremolite  is  of  a  greenifii  white  colour: 
it  adheres  to  a  granulated  but  very  compafl  inafs  of  carbonate 
of  lime,  mixed  in  almod  equal  proportions  with  the  fame  tre- 
molite,  a!fo  in  a  granulated  date,  on  which  account  it  drikes 
fire  with  deel.  This  carbonate  of  lime  pofiedes  both  kinds  of 
phofphorefcence,  but  the  light  which  it  gives  is  of  a  (lightly 
bluedh  colour  ;  the  fame  is  the  cafe  with  the  tremolite  which 
it  contains.  This  carbonate  does  not  belong  to  the  dolomie, 
and  it  diffolves  in  acids  in  the  fame  manner  as  the  common 
carbonate  of  lime. 

The  tremolite  of  Vefuvius  is  likewife  in  the  fibrous  date,  Tremolite  of 
with  fine  and  clofe  fibres  ;  its  colour  is  a  greyifii  white,  it  Mount  Vefu- 
adheres  to  a  gangue  compofed  of  carbonate  of  lime,  of  an  im-^ 
menfe  quantKy  of  very  fine  fmall  fibres  of  the  fame  tremolite, 
and  of  a  great  number  of  very  fmall  crydals  of  pyroxene,  of  a 
beautiful  green  colour  and  tranfparent.  Some  portions  of  ido- 
crafe  are  alfo  obfervable,  of  which  there  is  a  group  at  one  of 
the  extremities  of  the  fpecimen  in  pretty  large  crydals.  The 
carbonate  of  lime  does  not  belong  to  that  of  fiowfolution;  it 
podedes  both  kinds  of  phofphorefcence,  and  the  light  which 
it  emits  is  of  a  very  lively  deep  orange  colour.  The  tremolite 
exhibits  abfolutely  the  fame  phofphorefcence. 

We  owe  our  knowledge  of  the  tremolite  of  Bengal  to  Sir  Tremolite  of 
John  Murray.  It  is  in  pretty  large  crydals  of  a  greenifh  grey  Bengal, 
colour,  bedded  feparately  in  a  granulated  carbonate  of  lime, 
the  very  fine  grains  of  which  have  a  drong  adhedon  to  each 
other;  a  chara6ter  which,  joined  to  the  great  whitenefs  of  this 
done,  caufes  it  very  much  to  refemble  a  piece  of  double  re¬ 
fined  fugar.  This  carbonate  oflime  belongs  to  t-he  fpecies  of 
the  dolomie;  it  is  even  one  of  thofe  in  which  I  have  obferved 
the  folution  to  be  the  dowed  and  mod  infendble,  but  it  is  ne- 
verthelefs  completely  dilfolved  in  the  nitric  acid,  leaving  only 
a  light  whitifh  and  clouded  reddue,  which  difappears  when 
the  acid  is  diluted  with  water.  Its  hardnefs,  which  is  much 
fuperior  to  that  of  the  ordinary  carbonate  of  lime,  is  rather 
inferior  to  that  of  the  duate  of  the  fame  earth  ;  and  this  is  the 
cafe  with  all  the  dolomies,  not  excepting  thofe  whofe  grains 
have  the  lead  adhefion  with  each  other.  This  dolomie  is  not 

phofpho- 
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phofphorefcent  either  by  friction  or  by  the  a£tion  of  heat,  and 
the  tremolite  which  it  contains  is  intirely  in  the  fame  ftate. 
There  are  many  other  dolomies  alfo  which  poffefs  no  phofpho-. 
refcence,  as  has  been  alfo  obferved  by  the  Abbe  Hauy.  This 
ehara&er  therefore  hill  belongs  to  the  variety,  and  not  to  th$ 
fpecies. 

(v-.  ^dudtory 

XVI. 

Outline  of  the  Iliflory  of  Galvanifm  :  with  a  Theory  of  the  Action 
of  the  Galvanic  Apparatus.  By  John  Bostock,  M.  D, 
from  the  Author. 

To  Mr.  NICHOLSON. 

SIR, 

HaVING  been  lately  employed  in  fome  experimental  in* 
quiries  on  the  fubjeft  of  galvanifm,  I  found  it  commodious  to 
arrange  the  numerous  difcoveries  that  have  been  made  in  this 
department  of  fcience  into  the  hiftorical  form.  The  fa<5ls 
which  have  been  fucceflively  developed  begin  to  affume  lb 
elevated  a  rank  among  the  branches  of  natural  philofophy, 
that  a  Iketch  of  the  molt  important  and  befl  eftablifhed 
amongft  them  feems  defirable,  in  order  that  the  experimenter 
may  be  eafily  enabled  to  fee  what  has  been  done  by  his  pre- 
deceifors,  and  may  thus  be  prevented  from  wafting  his  time 
and  exertions  upon  points  which  have  been  previoufty  invefr 
tigated.  From  reflecting  upon  the  labours  of  others,  and  com¬ 
paring  them  with  my  own  experiments;  I  have  been  led  to 
form  a  theory  of  the  a6tion  of  the  galvanic  pile,  which  feems 
to  explain  in  an  eafy  manner  mod  of  its  Angular  properties. 
I  am  indeed  well  aware  of  the  undue  attachment  which  every 
one  feels  for  the  offspring  of  his  own  imagination,  and  I  ftiall 
not  be  furprized  if  you  perceive  in  the  hypothefts  many  ble- 
milhes  which  have  efcaped  my  notice.  I  have  however  font 
you  both  the  hiftory  and  the  theory,  in  order  that  you  may 
jnfert  them  in  your  Journal,  if  you  think  them  defer ving  of  n 

%  ^ 

.  place  there. 

I  am,  SIR, 

Your  obedient  Servant, 

JOHN  BOSTOCK,  M.  Dx 

✓ 


Liverpool ,  June  1 ,  }  S02, 


njsioRJtg 
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HISTORIC  SKETCH  OF  GALVANISM. 

THE  firft  publication  *  upon  the  fubjeCt  is  the  work  of  Firft  publication 
Galvani  him  1'elfj,  which  appeared  in  1791.  It  begins  by  giv-  ^ 

ing  an  account  of  the  following  accidental  difcovery.  A  frog  Legs  of  a  frog, 
had  its  hinder  legs  feparated  from* its  body,  except  that  the  ^rom 

crural  nerves  were  left  undivided,  and  was  by  chance  laid  upon  convulfed  by  ex- 
a  table  on  which  flood  an  eleCtrical  machine.  It  was  obferved  tremeiy  minute 
that  when  the  animal  was  placed  in  contact  with,  or  fuffici-  ^city^3  ° 
ently  near  to,  an  extenfive  furface  of  a  conductor  of  the  elec¬ 
tric  fluid,  if  a  fpark  were  taken  from  the  machine  in  any  di¬ 
rection,  the  legs  of  the  animal  were  fpafmodically  contracted. 

When  the  frog  formed  part  of  the  eleCtric  circle,  fo  that  the 
fluid  patted  immediately  through  it,  a  quantity  almoft  imper¬ 
ceptible  was  found  to  excite  contractions  of  the  mufcles.  A. 
much  fmaller  quantity  of  the  electric  fluid  produced  the  effect, 
when  the  animal  was  prepared  in  the  manner  deferibed  above, 
than  when  the  body  was  left  intire,  becaufe  in  the  former  cafe 
the  fluid  was  confined  to  the  narrow  track  of  the  nerves  in  its 
paffage  along  the  circuit.  A  prepared  frog  appears  therefore 
to  be  a  moft  delicate  electrometer,  as  it  exhibited  contractions 
where  no  marks  of  electricity  could  be  difeovered  by  the  in- 
ftruments  either  of  Bennet  or  Cavallo.  Galvani  afterwards 
found  that  contractions  could  be  produced  in  the  limbs  of  pre¬ 
pared  frogs  by  the  eleCtricity  of  the  atmofphere,  and  it  was  in 
eonfequence  of  feme  arrangements  which  he  made  for  this 
purpofe,  that  he  was  led  to  his  great  difcovery  of  animal  elec¬ 
tricity.  He  found  that  he  was  able  to  produce  contractions  Proper galva- 

in  the  limbs  of  frogs  without  the  aid  of  any  foreign  or  artificial  or. contrac’* 

.  p  .  J  °  nous  without 

excitement,  merely  by  the  application  of  a  conducting  fub- excited  eleftri- 
ftance  from  the  nerve  to  the  mufcle.  Thefe  contractions  were 
capable  of  being  produced,  of  whatever  fubftances  the  circuit 
of  communication  was  compofed,  provided  only  they  were  all 
conductors  of  the  eleCtric  fluid.  The  effects  were  found  to  be 
much  increafed  by  applying  a  metallic  coating  to  the  nerve. 

He  found  this  peculiar  fpecies  of  eleCtricity  to  exift  in  a  great 
variety  of  animals,  and  that  the  contractions  may  be  excited 

**  Sultzer  in  his  Theorie  des  Plaifirs,  quoted  by  Fabbroni,  Philof. 

Journal,  quarto  IV,  120,  mentioned  the  tafte  by  contact  of  two 


either 
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Theory  of  (7*7- 
• vani  j  that  the 
interior  of  the 
mufcle  is 
charged  plus, 
and  the  nerves 
form  a  commu¬ 
nication  with  the 
ou  tilde. 

Letters 
on  Animal 
Eleftricity, 
1793. 

Volta’s  Letters 
to  Cavallo, 

J793* 


No  charge  in 
the  animal. 


but  electricity 
from  the  con¬ 
tact  of  different 
metals  applied  to 
the  nerves. 


Thegalv.  aCtion 
fuppofed  to  exift 
in  nerves  only. 


cither  in  the  whole  body  or  in  particular  parts  of  it,  as  long  a» 
the  animal  pofleffgs  any  remains  of  vitality.  Galvani  fuppofed 
thefe  phenomena  to  be  analogous  to  the  effects  of  the  Leyden 
phial ;  that  there  is  an  excefs  of  electric  fluid  in  the  interior  of 
the  mufcle  or  in  the  nerve,  and  a  deficiency  on  the  outfide, 
or  vv.  The  nerve  he  conceived  to  ad  the  part  of  the  wire 
in  the  Leyden  phial.  Soon  after  the  publication  of  Galvani’s 
work,  Valli’s  Letters  on  Animal  Eledricity  appeared  in  the 
Journal  dePhyfique,  vol.  41.  Sr  feq. 

In  the  Tran  factions  of  the  Royal  Society  for  1796,  Volta’s 
letter  to  Cavallo  was  publifhed,  which  befides  giving  an  ac¬ 
count  ot  Galvani ’s  difeoveries,  contains  many  original  experi¬ 
ments  and  obfervations.  The  analogy  of  the  Leyden  phial  he 
fliows  is  without  foundation,  for  he  found  that  he  could  excite 
fimilar  contractions  in  the  limbs,  when  the  conducing  circuit 
only  touched  two  parts  of  the  nerve,  two  mufcles,  or  two 
parts  of  the  lame  mufcle  ;  in  order  to  accomplifh  this,  it  is 
however  neceffary  to  ufe  two  different  metals.  He  fuppofes 
that  in  thefe  cafes  the  mufcular  contradions  are  produced  by  a 
finali  quantity  ot  eledricity  which  is  excited  by  the  adion  of 
the  metals  upon  each  other  ;  this  he  conceives  to  depend  upon 
a  general  law  of  the  eledric  fluid,  and  that  its  effeds  are  vi- 
fible  in  the  experiments  of  Galvani  only  becaufe  the  prepared 
animal  is  the  moll  delicate  fpecies  of  eledrometer.  Volta 
endeavours  to  prove  by  experiment,  that  the  adion  is  always 
in  the  firft  inflance  upon  the  nerves,  and  that  the  mufcles  are 
only  affeded  through  their  medium.  He  imagines  that  it  is  not 
neceffary  that  a  communication  fliould  exift  between  the  nerves 
and  the  mufcles  according  to  the  opinion  of  Galvani,  he  ima¬ 
gines  that  the  contradions  will  be  produced  in  the  limbs,  if 
the  influence  be  only  made  to  pafs  from  one  part  of  a  nerve 
to  another  part  of  the  fame.  But  we  fhall  find  that  in  this  idea 
Volta  is  probably  miftaken,  as  in  his  experiments  the  moiflure 
adhering  to  the  nerve  formed  a  communication  between  it  and 
the  mufcle.  He  found  that  if  different  parts  of  a  nerve,  or 
indeed  if  the  body  of  the  animal  in  general,  be  laid  upon  two 
different  metals,  and  thefe  metals  be  made  to  communicate  by 
a  conduding  fubftance,  mufcular  contradions  are  produced. 
Thefe  experiments  fucceed  with  more  certainty  when  the  fkin 
is  removed  ;  this  precaution  is  more  efpecially  requifite  if  the 
animal  have  a  dry  fkin,  as  is  the  cafe  with  birds  and  quadru¬ 
peds. 
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peds.  In  a  fecond  letter  which  is  printed  in  the  fame  vol.  of 
the  Phil.  Tranf.  Volta  purfues  his  experiments  and  obferva- 
tions  upon  the  fubjedt  of  galvanifm.  If  a  tingle  mufcle,  or  a 
part  of  it  be  armed  with  coatings  of  two  different  metals,  and 
tliefe  be  made  to  communicate  by  a  conductor,  the  contrac¬ 
tions  will  be  excited,  but  no  effect  will  be  produced  if  two 
coatings  of  the  fame  metal  be  employed.  Worms  and  fnails  Of  the  various 
he  found  could  not  be  excited  by  this  influence  ;  but  flies,  t^e  ^ 

beetles,  grafshoppers,  and  butterflies,  he /ound  were  fubjedt  to  be  affe&ed 
to  its  adtion.  Upon  the  whole  it  appears  that  thofe  animals  which  have  dif- 
only  which  have  diftindt  limbs,  with  flexor  and  extenfor  mul-  amftho^mu^* 
cles,  are  excitable  by  animal  eledtricity.  In  thofe  animals  cies  only  which 
which  are  acted  upon  by  the  galvanic  influence,  Volta  found  the  wilT*^  t0 
that  it  was  only  the  mufcles  which  are  under  the  diredtion  of 
the  will  that  can  be  made  to  retradt ;  in  his  experiments  he , 
never  perceived  that  the  heart  was  affedted  by  the  two  metals, 
though  this  organ  is  thrown  into  ftrong  contractions  by  the 
flighteft  chemical  or  mechanical  ftimulus.  The  two  metals 
which  were  found  by  their  union  to  perform  the  moft  power¬ 
ful  effedts  were  zinc  and  fllver.  Volta  placed  tliefe  metals  Zinc  and  filver* 
one  on  each  furface  of  the  end  of  the  tongue ;  when  they  were 
brought  into  contadt  no  motion  was  produced,  but  a  ftrong 
fenfation  of  tafte  was  excited.  When  the  metals  were  applied 
to  the  root  of  a  tongue  cut  from  the  mouth,  contractions  were 
produced. 

In  the  fame  year  in  which  Volta’s  leiters  appeared  in  the  Fowler’s  Eflay, 

Phil.  Tranfadtions,  Fowler  publiflied  an  effay  on  Animal  Elec-  I7,93’  Whether 
..  r  1  •  J  galvanifm  be 

tricity  ;  thele  works  mu  ft  therefore  be  confidered  as  equally  electricity, 
original.  The  extracts  given  above  from  Volta’s  letters, 
prove  that  he  confidered  the  phenomena  of  galvanifm  to  de¬ 
pend  upon  the  operations  of  the  eledtric  fluid  ;  other  experi¬ 
menters  however  conceived  it  impoffible  to  reconcile  the  new 
difeoveries  with  their  previous  ideas  of  the  nature  of  eledtri- 
city,  and  Fowler  commences  his  treatife  by  this  enquiry.  In 
order  to  afeertain  this  point  he  inveftigates  the  circumftances 
which  are  neceffary  to  the  produdtion  of  the  mufcular  contrac¬ 
tions.  Thefe  he  found  to  be  the  contadt  of  the  two  metals  Conditions  of 

with  each  other,  and  their  communication  with  the  animal  ;  the  :  t:rat 

two  different 

the  contractions  may  alfo  be  produced  by  bringing  the  metals  metals  fhould 
in  contadt  with  each  other  in  water,  without  either  of  the  t0^c  ^each.  ot'jer 
metals  touching  the  animal.  When  the  metals  are  applied  tovl2.  the  nerve5 
•  the  an(*  mufcle  j 
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piettricity. 


either  imme-  the  nerve  alone,  Fowler  itill  confulers  it  requifite  that  there 

o^mc'diatciy  by  a  C0nne^l0n  between  the  nerve  and  the  mufcle ;  in  ordi- 
water.  nary  cafes  this  connection  is  effected  by  t he  moifhire  which 

adheres  to  the  nerve,  a  circum fiance  which  Volfa  feems  to 
have  overlooked.  Valli  had  endeavoured  to  form  a  theory  of 

J 

animal  eleCtricity  founded  upon  the  idea  that  the  eleCtric  fluid 
was  unequally  difperfed  through  the  body,  and  that  the  appli- 
Attempt  to  dif-  cation  of  the  metals  produced  an  equilibrium;  Fowler  per- 
pr°ve  the^theory  formed  a  number  of  experiments  to  dilprove  this  idea,  and 
charge  in  the  apparently  with  fuccefs.  He  concludes  the  firft  part  of  his 
animal  fyftem;  effay  by  giving  it  as  his  opinion,  that  the  phenomena  of  galva- 

galvanifm  is  not  are  n0*-  reconcileable  to  the  known  laws  of  eleCtricity, 
becaufe  for  the  excitement  of  the  eleCtric  fluid,  motion  between 
an  electric  and  a  conductor  appears  to  be  neceflary,  whereas 
in  thefe  experiments  two  metals  only  arc  the  fubftances  em. 
ployed.  He  alfo  failed  in  caufing  charcoal  to  conduCt  this 
influence,  though  it  is  a  better  conductor  of  electricity  than 
the  animal  fluids ;  in  this  particular,  however,  he  appears  to 
have  been  mittaken.  He  confiders  the  influence  as  very  fimi- 
lar  in  its  effeCts  to  the  aCtion  of  the  torpedo,  though  not  alto-. 
Effeft  on  worms,  gether  the  fame.  He  was  unable  to  produce  the  mufcular 
contractions  in  worms,  yet  he  found  that  when  a  worm  or  a 
leech  lying  upon  fiver,  put  its  mouth  upon  zinc,  it  appeared 
to  fuffer  great  uneafinefs,  Dr.  Fowler  in  the  fecond  place 
proceeds  to  enquire,  whether  all  the  mufcles  of  the  body  be 
fubjeCt  to  this  new  influence.  He  found  it  difficult  to  excite 
any  contractions  in  the  heart,  though  at  length,  by  ufing  pro¬ 
per  precautions,  he  fucceeded  ;  but  he  was  not  able  to  excite 
Difcovery  of  the  contractions  in  the  ftomach  or  inteftines.  He  difeovered  that 
£.ifh  of  light.  when  the  nerves  of  viflon  were  a&ed  upon  b  v  the  two  metals, 
a  fenfation  of  a  flafh  of  light  was  perceived  in  the  eye.  When 
inflammation  was  excited  in  a  limb,  it  appeared  to  acquire 
additional  fenflbility  to  the  galvanic  influence.  Fowler’s  work 
concludes  with  a  letter  from  ProfefTor  Robifon,  who  made 
fome  new  obfervations  upon  the  production  of  the  galvanic 
flafh,  and  firft  noticed  the  effeCt  produced  by  applying  the 
tongue  to  a  number  of  pieces  of  filver  and  zhic  alternately 
piled  upon  each  other. 

Darwin  in  1794  In  1794  the  firft  volume  of  the  Zoonomia  was  publifhed  ; 

r  1  |  * 

rifm 'as«fc4trl"  Darwin  fpeaks  of  the  phenomena  of  galvanifm,  and  confiders 
city.  them  as  elcCtrkal.  The  mufcular  contractions  he  fuppofe* 

•  depend 


Torpedo. 


and  on  the  in¬ 
voluntary  muf¬ 
fles. 


Profeflor  Robi¬ 
fon  makes  a 
pile  of  zinc  and 
filver. 
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depend  upon  the  fen  Ability  of  our  nerves  to  fmall  quantities  of 
the  elcdlric  fluid.  Bennet  difeovered  by  means  of  his  eledtro-  Bennet's  early 
meter,  that  zinc,  when  feparate  from  other  metals,  always  is  ^ 

in  the  minus  ftate,  and  filver  in  the  plus  fiate  ;  when  therefore  zinc  (1789.) 
they  are  brought  nearly  together,  a  fmall  plate  of  air  is  charged 
like  a  Leyden  phial ;  when  the  metals  are  brought  into  con¬ 
tact  this  is  di (charged. 

In  the  Phil.  Tranf.  for  the  year  1795,  is  a  Paper  by^  Dr.  Dr.  Wells, 
Wells  on  the  (ubject  of  gal  van  i  (in*  He  propofes  for  confide- 
ration  the  three  following  enquiries  ;  Do  the  contractions  ob- ments  thatani- 
lerved  by  Galvani  depend  upon  any  property  peculiar  to  the 
living  body?  What  are  the  conditions  neceflary  for  the  ex-means  of  humi- 
cilement  of  the  influence?  Is  it  eledtrical  ?  With  refpedl  to  5  that  the 
the  firft  quefiion,  he  fuppofes  that  animals  adt  only  on  account  ta{s  ;s  nnt  aj_ 
of  their  moifture.  With  refpedl  to  the  fecond,  he  found  that  Cered  by  conta&j 
one  metal  and  charcoal  excited  the  contradfions  as  readily  as  phenomena  are 
two  metals;  in  this  he  corredts  the  mifiake  of  Fowler  noticed  eledtrical. 
above.  He  however  found  that  all  charcoal  will  not  adt  as  a 
conductor  of  the  influence,  in  which  opinion  Volta  agrees 
with  him.  Wells  does  not  agree  in  the  hypothefis  adopted 
by  Volta  and  others,  that  the  contadt  of  the  metals  produces 
an  alteration  in  the  difpofition  of  the  eledtric  fluid,  for  he  very 
properly  alks,  why  fliould  not  the  natural  moifture  of  the  animal 
afford  a  communication  between  the  two  metals  before  they 
are  connedted  by  any  other  condudtor  ?  He  farther  difeovered, 
that  con t radii ons  could  be  excited  by  one  metal  only  when  it 
had  been  rubbed  upon  another  metal,  or  even  upon  the  hand. 

Charcoal  may  by  the  fame  means  be  made  to  produce  the  fame 
effedt ;  he  proved  by  a  variety  of  experiments  that  the  fric¬ 
tion  does  not  in  thefe  cafes  communicate  eledtricity  to  the 
rnetal  or  the  charcoal ;  we  may  conjedture  that  an  incipient 
oxidation,  or  forne  other  chemical  change  was  produced  upon 
the  furface  of  thefe  lubfiances.  With  refpedt  to  the  third 
quefiion.  Wells  is  decidedly  of  opinion,  that  the  phenomena 
are  eledtrical ;  the  influence  being  condudted  by  all  condudtors 
of  eledtricity,  and  by  them  alone. 

Befides  the  works  here  mentioned  a  number  of  communi-  Various  other 
cations  appeared  in  the  different  fcientific  journals  of  Italy,  P^rs,DrHum' 
France,  and  Germany,  and  feveral  diftindt  treatifes  wrere  Monro,  the  In^ 
publiflied  on  the  fubjedt  of  animal  eledtricity.  Humbolt  par-  2ltuteof 
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ticularly  diftinguiflied  himfclf  by  his  affiduity  in  varying  the 
experiments.  Dr.  Monro  wrote  upon  the  fubjedl,  and  the 
National  Inftitute  of  France  publiflied  an  elaborate  report, 
drawn  up  by  a  Committee  compofed  of  feveral  of  its  moft 
learned  members.  As  however  thefe  works  do  not  appear  to 
contain  any  fadts  which  materially  illuftrate  the  nature  of  the 
galvanic  influence,  or  lead  us  to  form  any  more  accurate  no¬ 
tions  refpedting  its  operations,  we  fliall  in  this  brief  fketch 
only  notice  the  papers  of  Fabroni,  of  which  an  account  may 
be  found  in  the  4-th  Vol.  of  Nicholfon’s  Journal.  He  deduces 
rmcal  phenome-  from  his  experiments  that  galvanifm  is  intirely  a  chemical 
phenomenon  ;  he  finds  that  metals  become  oxidated  when  in 
contact  with  each  other  in  circumffances  where  this  would  not 
take  place  if  they  were  kept  feparate.  This  idea  he  confirms 
by  many  obfervations  and  experiments,  and  fuppofes  that 
when  the  galvanic  influence  is  excited  by  the  action  of  two 
metals  that  a  chemical  affinity  is  exerted  :  he  does  not  how- 

J  7 

ever  point  out  very  clearly  in  what  manner  the  chemical  ac¬ 
tion  which  is  exerted  by  the  metals  can  be  conne&ed  with  the 
phenomena  of  galvanifm. 

Hiftory  of  this  In  the  year  1789,  Cavallo  publiflied  a  new  edition  of  his 
Io^Tei e ft Hci t y  *  ^ledricity,  and  he  added  a  good  account  of  the  principal 
and  the  Supple-  fadts  in  galvanifm;  an  ample  hiflory  of  this  fcience  maybe 
me^c  to^the^En- a]f0  founcl  jn  the  Supplement  to  the  Encyclopaedia  Britannica. 
tannica.  In  this  ftate  our  knowledge  of  galvanifm  continued  until 

Grand  difeovery  the  beginning  of  the  year  1800,  when  Volta  made  his  difeo- 
Volta/116  ^  very  of  the  apparatus  ufed  called  the  Galvanic  Pile  In  the 
Phil.  Tranf.  for  that  year  is  a  letter  from  Volta  containing  an 
account  of  the  piie,  and  a  detail  of  many  curious  experiments 
Defcription.  which  he  had  performed  with  it.  This  inltrument  confifls  of 
a  number  of  circular  pieces  of  two  different  metals,  laid  alter¬ 
nately  upon  each  other,  with  a  piece  of  moiftened  pafieboard 
or  fkin  interpofed  between  each  pair.  The  metals  which 
anfwer  the  belt  for  this  purpofe  are  zinc  and  filver,  which 
were  found  to  be  the  moft  powerful  in  exciting  the  inufcular 
contradlions  in  the  former  experiments.  If  the  two  pieces  of 
metal  which  form  the  extremities  of  the  pile  be  grafped  firmly 
Galvanic  thock.  in  the  hands  previoufiy  moiftened,  a  fhock  will  be  felt  through 
the  hands  and  arms,  more  or  lefs  powerful  in  proportion  to 
the  fize  of  the  pile.  This  fhock  may  be  repeated  as  long  as 

the 
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(he  pafteboard  between  the  metals  retains  its  moifture.  Volta 
conceives  that  this  apparatus  in  every  refpedt  refembles  the 
electric  organ  of  the  torpedo  and  gy  innotus  eledtricus. 

As  foon  as  this  difcovery  became  known  in  England,  a  va¬ 
riety  of  experiments  were  performed  with  the  new  apparatus, 
and  many  very  interefting  and  important  fadts  were  difcover- 
ed  :  thefe  are  for  the  mod  part  detailed  in  Nicholfon's  Journal, 

Vol.  IV.  &  feq. 

In  the  4th  vol.  p.  174,  is  a  paper  written  by  Mr.  Nicholfon  Carlifle  and  Nl- 

himfelf.  He  begins  with  a  defcription  of  Volta's  pile,  and  cholfen  deter- 

then  relates  the  refults  of  fome  experiments  which  were  per- city  of  the  pile, 

formed  upon  a  timilar  one  by  himlelf  and  Mr.  Carlifle.  By  difeover  it* 
v-  i  i  •  iiii  r  ii  i  ,  ~  .  ..  J  chemical  a8\ony 

ufmg  the  revolving  doubler  they  found  that  the  electricity  was  and  the  deccmpt* 

minus  in  the  filver  end  of  the  pile,  and  plus  in  the  zinc  end .  fa™  °f  water, 
Mr.  Nicholfon  propofed  that  the  influence  fhould  be  permitted 
to  pafs  from  one  end  of  the  pile  to  the  other  through  a  tube  of 
water;  for  this  purpofe  a  divifion  was  made  in  the  conducting 
wire,  which  was  compofed  of  copper,  and  the  two  ends  of  it 
were  terminated  in  a  fmall  tube  of  water.  Immediately  the 
wire  connected  with  the  filver  end  of  the  apparatus  began  to 
produce  a  gas,  which  was  found  to  be  hidrogen,  while  at  the 
fame  time  the  wire  connected  with  the  zinc  end  became  oxi¬ 
dated.  Recourfe  was  then  had  to  a  wire  of  platina  which  is  into  hidrogeia 
not  oxidable,  and  immediately  gas  began  to  be  evolved  from  and  oxlSen* 
both  ends.  Upon  examining  the  gafes  feparately,  that  from 
the  filver  end  was  hidrogen,  that  from  the  zinc  end  oxigen, 
and  they  were  generated  nearly  in  the  proportion  requifite  to 
produce  water.  This  experiment,  as  well  with  refpedt  to  its  importance  of 
immediate  effects,  as  with  regard  to  the  confequences  which  this  experiment, 
may  be  deduced  from  it,  may,  I  think,  bejuftly  confidered  as 
the  moft  important  that  has  occurred  fince  the  difcovery  of  ox¬ 
igen  by  Dr.  Prieftley.  The  eledtric  fpark  was  diftindlly  viiible  Eledtric  fpark 
in  thefe  experiments.  ‘  vifible. 

Mr.  Cruickfhank  relates  his  experiments,  in  which  he  made  Cruickfhank. 
ufe  of  the  interrupted  circuit  after  the  manner  of  Mr.  Nichol-  Effedtonche- 
lon  ;  he  caufed  the  influence  to  pafs  firft  through  diddled  water 
tinged  with  litmus,  and  afterwards  through  water  tinged  with 
Brazil  wood.  In  the  firft  cafe  there  was  a  rednefs  produced 
by  the  zinc,  and  in  the  fecond  by  the  filver  wire.  By  fubinit- 
ting  a  portion  of  water  for  a  long  time  to  the  adtion  of  the  pile, 
a  fenfible  diminution  was  obferved  ii>  its  bulk.  He  oblerved 
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the  production  ofhidrogen  and  the  oxidation  of  the  zinc  end 
when  he  ufed  a  communication  of  copper  ;  and  when  he  em¬ 
ployed  a  wire  which  was  not  oxidable,  lie  obtained  both  hidro- 
den  and  oxigen  according  to  the  obfervation  of  Mr.  Nicholfon. 
He  permitted  the  influence  to  pafs  through  a  folution  of  a  me¬ 
tallic  fait,  and  found  after  fome  time,  that  the  metal  began  to 
be  revived  at  the  filver  end  of  the  apparatus* 

Mr.  William  Henry,  of  Manchefter,  fubmitled  concentrated 
fulphuric  acid  to  the  influence  of  galvanifm  :  he  made  ufe  of  a 
wire  of  platina.  Not  only  the  water  which  always  enters 
into  the  compofition  of  this  acid,  but  alfo  part  of  the  acid  itfelfy 
appeared  to  be  decompofed,  as  the  oxigen  which  he  procured 
was  in  a  larger  proportion  to  the  hidrogen  obtained  than  is  fuf- 
ficient  to  compofe  water.  Nitric  acid  was  alfo  decompofed, 
and  the  water  of  muriatic  acid.  When  oximuriatic  acid  was 
fubjetted  to  its  influence,  the  water  was  decompofed,  and  the 
acid  was  deoxigenated.  Gaffes  do  not  appear  to  be  conduc¬ 
tors  of  this  influence,  fo  that  Mr.  Henry  was  not  able  to  try  its 
effe£ts  in  decompofing  muriatic  acid  gas.  It  alfo  appears  to 
have  the  power  of  decompofing  ammonia. 


(To  be  continued.) 


*  **  On  account  of  the  great  Quantity  of  original  Communi¬ 
cations,  the  Scientific  News  and  Account  of  Books  is  necefla- 
rily  deferred. 

X.  Y.  Z.  is  informed  that  the  derivation  of  chrome  or  chromium 
is  from  XfUJt*a'r  color ;  and  was  adopted  by  Vauquelin ,  becauje  its 
compounds  with  oxigen  are  coloured .  See  Philof.  Journal,  quarto , 
II.  4  H. 
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